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A DVERTISEMENT 


To this FIFTH EDITION. 


HH E Sale of four numerous Editions of 
this Book ſince the Year 1750, when it 

was firſt publiſhed, is no ſmall Proof of its 
Utility. And the preſent Demand for the 
| YounG ALGEBRAIST'Ss COMPANION, notwith- 

ſtanding ſome late Algebraic Publications, ſuf- 
ficiently ſhews, that the Public are the beſt 
Judges of Merit, and that the Effect of pom- 
pous Advertiſements and partial Accounts of 
Books, is but of ſhort Duration. | 


The Proprietors of this Work, in Gratitude 
for the Encouragement which they have re- 
ceived from the Public, have - procured this 
fifth Edition to be printed under the Inſpee- 
tion of a Gentleman of known Abilities in the 
Mathematical Sciences, by whom the Book 
has been corrected in ſeveral Places, and en- 
larged by the Addition of Notes and the 
Supplement. | 


„ To 


* . 
= en Eres” IIA > nee en — "+ . K N 


1 


p / : 
To the Auron of the Youne ArutsRATsST's 
| CoMPANION, Ge. 


SIR, | 
HERE is nothing can give a greater Satis- 
faction to a Lover of the Sciences, than to 
ſee them handled in a clear and maſterly Manner; and 
that every Attempt to remove Difficulties, and clear 
up the Obſcurities of any knotty Part of Science (fo 
as to level it to the Capacities of Youth, and at the 
ſame Time to make it pleaſing as well as inſtructing) 
muſt be allowed, by all, to be a difficult Taſk, Give 
me Leave therefore to thank you for the laudable Pains 
you have taken in your YOUNG ALGEBRAIST's CoM- 
PANION, wherein you have made that which was hard 
and difficult, plain and eaſy to be underſtood, and at 
the ſame Time, have wrote it in ſo engaging a Man- 
ner, that the moſt inattentive Peruſer muſt receive at 
once both Pleaſure and Information. I am, 


SI R, 


Your unknown Friend, 


Towtr-Rotar, | 
London, Aug. 21, 1750. and humble Servant, 


SAMUEL HILL, 
Philom. 


N. B. The Author has had ſeveral ſuch friendly Lei- 
ters as this, from other Strangers in the City and Country. 
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To the Reverend Mr. HELLINS, at GREEN'S 
Nor TON, Nor THAMPTONSHIRE. 


Dear SIR, 


I Am exceedingly glad to hear, that the late worthy 


Mr. FenninG's Young Algebraiſt's Companion is 
once more coming from the Preſs, it having been long 


conſidered as a molt facile Introduction to Algebra, 


that noble and moſt comprehenſive Branch of the Ma- 
thematics. I'cannot but congratulate thoſe who are 
deſirous of entering on theſe Studies, upon the Ap- 
pearance of a new and improved Edition of this uſeful 


little Book, eſpecially as it comes from a Hand ſo 
capable of giving it every neceſſary Advantage. From 


this Conſideration, and my own Experience, I can 


with Pleaſure moſt heartily recommend it to alk 


Learners, particularly thoſe who have not the Aſſiſt - 


ance of a Tutor, as the eaſieſt and beſt Book of its 


Kind extant.— With a truly grateful Senſe. of the 
great Service you have done to Science in this Work 
as an Editor, 5 


F am, Rev. Sir, 


Your moſt reſpeciful Friend, 


Boarding-School, and humble & ercant, 
Adderbury, Oxfordſp. | | 
Now. 21, 1786. T. WOOLSTON. 


The Editor has received a Letter to the ſame 
Effect from Mr. ſoHN TEweLr, Teacher of the Ma- 
thematics at Bideford, Devon. 
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To the PO RIETORS of FEN NING's ALGEBRA. 


SIR 8, 


Have not only attentively peruſed each Sheet of 
your Young Algebrai/?'s Companion, but have like- 


wiſe carefully examined every Operation; and being by 


theſe Means perfectly acquainted with the many Cor- 


rections, Additions, and Improvements, made by the Rev. 
Mr. HELLIxs (the preſent Editor), I can with Confi- 


dence recommend this Fifth Edition as a good In- 


troduction to the Knowledge of Vulgar Fraftions and 
Algebra. | 
JOSEPH MOON, 

| Philomath. - 


SALISBURY, 
Aarch 17, 1787. 


WE 


'TimoTay LANGLEY, Accomptant. 


- 


( vit ) 


E whoſe Names are here under-written, having 
each of us peruſed the following Sheets, do allow 
the Dialogues and Demonſtrations to be very natural, 
and eafily adapted ; and therefore beg Leave to recommend 


the Work, as one of the plaineſt and beſt ſuited to the 7 


Capacities of young er extant, * T 


„ 


ANTHONY N 3 
PETER Dennis, Surveyor. 
SAMUEL HILL, Philom. 
THoMas HUMPHREYS. 

| in args 
Joszen Srursox, Teacher of the Mathematics. 110 
Joan REPTON, Superviſor. i 
ABRanam Ds LIxE, Teacher of the Mathematics. 
Joh QuanrT, Writing-Maſter and Accomptant. 
GEORGE Cor ks, Land Surveyor, 


RIchARD RICHARDSON. 


ERASMos TURNER. ALD 

ZACHARIAH SNAPER, Accomptant. | 

T. WooLsTon, Maſter of a Poarding-School, Ad- 
derbury, Oxfordſhire. 

Jon JEWELL, Teacher of the Mathematics, at Bide- 
ford, Devon. 

Jos. Moon, Teacher of the Mathematics, Saliſbury. 

R. M. Jones, of Norton, School- wan and Land- 
Surveyor. 
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To the PROPRIETORS of FENNING's ALGEBRA. 


SIRS, 


Have not only attentively peruſed each Sheet of 

your Young Algebraiſt's Companion, but have like- 
wiſe carefully examined every Operation; and being by 
theſe Means perfectly acquainted with the many Cor- 
rections, Additions, and Improvements, made by the Rev. 
Mr. HELLINs (the preſent Editor), I can with Confi- 
dence recommend this Fifth Edition as a good In- 


troduction to the Knowledge of Vulgar Fra#tions and 
Algebra. | 


JOSEPH MOON, 


= Philomath. 
SALISBURY, 
Aarch 17, 1787. 


TINMOTRHY LANGLEY, Accomptant. 


- 
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E whoſe Names are here under-written, having 
each of us peruſed the following Sheets, do allow 
the Dialogues and Demonſtrations to be very natural, 
and eaſily adapted; and therefore beg Leave to recommend 


the Wark, as one of the plaineft and befl ſuited to the f 


Capacities of young Beginners extant. 371 * 


ANTHONY Sunn Rats |: 
PETER Dennis, Surveyor. 
SAMUEL HILL, Philom. 
THrHomas HUMPHREYS. 


JosEPR SIMPSON, Teacher of the Mathematics, M 
Joan REP TON, Superviſor. 1 
ABRAHAM DER Ling, Teacher of the Mathematics. 
Joun Qy Avr, Writing -Maſter and Accomptant. 
GEORGE COLEs, Land Surveyor, 3 


RicHARD RicHarDsoN. 


ERAaSMUs TURNER. e 

ZACHARIAH SNAPER, Actotnibeaiit NE tag + on 

T. WooLsToN, Maſter of a Poarding-School, Ad- 
derbury, Oxfordſhire. | 5 

Fail JEWELL, Teacher of the Mathernatics; at Bide- 
ford, Devon. 

Jos. Moon, Teacher of the Mathematics; Sign 

R. M. Jones, of Norton, School Maſters and Land- 
| Surveyor. 
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DED.1CATION.. 


To the Honourable the Governors and Directors of the 
Royal Exchange Aſſurance Company. N 


GENTLEMEN, 19 — 

T being not only a common, but a very juſt Obſer- 
vation, that the Generality of Dedications are car- 
ried to too high an Extreme of flattering Encomiums, 
I perſuade myſelf you will the more readily accept of 
one in a plain Dreſs only, as I am ſenſible it is no 
Ways agreeable to your Honours to be flattered.  - 
When ſolicited by ſeveral] Gentlemen in Town and 
Country to publiſh the following Tract, I was not 
long conſidering at whoſe Feet to lay it: Fhe Pre- 
ſumption indeed was ſo great, that though the 
Thoughts of former Favours in ſome Meaſure encou- 
raged me, yet it was with Reluctance I preſumed to 
beg this; and your permitting me to ſend it abroad 
under ſuch Protection, makes it difficult to ſay which 
is greater, the Honour or the Kindneſs you have done 
me, ſince from the One I ſhall naturally reap the Be- 

Benefit of the Other. a Ng 
Even Books of common Arithmetic only have ſeldom 
wanted Patronizers, but Gentlemen of the firſt Claſs 
have more eſpecially condeſcended to protect and 
maintain the more ſuperior Parts of Mathematical 
Learning, not only from the Pleafure and Satisfaction 
that ariſes even from the very ſpeculative Knowledge 
of them, but by being ſo uſeful in exerciſing the Fa- 


cutties, and bringing the Mind into a juſt and proper 


Method of Reaſoning, were always thought worthy 
the Study of the beſt of Men, are eſteemed as pretty 
Decorations and Accompanyments to other Branches 
of Learning, and for Want of which, Education is 
always counted ſomething the leſs complete. | 

It is ſuperfluous indeed to mention this, ſince it is 
evident your Honours were ſenſible of the Truth of it, 
from your Readineſs to promote a Work wrote by ou 

wh 


in p EDI GA 


who at beſt profeſſes himſelf but a Novice in the tho- 
rough Knowledge of this extenſive Study: So that 
your Love for Arts and Sciences is the more conſpi- 
cuouſly ſeen, and you will appear upon the Lift with 
thoſe worthy Patriots, whoſe Generoſity and Bene- 


volence prompt them daily to ſupport and encourage 


all Sorts of Literature, | 


As I am ſenſible your Honours expect Nothing from 


me but Thanks and Duty, the firſt I moſt humbly 
return; and as I am conſcious I have hitherto been 
faithful and diligent in your Service, I hope I ſhall 
always endeavour, to the beſt of my Abilities, to con- 
tinue ſo, in due Senſe of the many Kindneſſes I have 
received from you. | 5 VN 

That the ſame kind Providence that recommended 
me to your Honours Favour, may continue to each 
Member the Bleſſing of Health, and that of Proſperity 
to the Company in general, is, -withont *Doubt, the 
_ hearty Deſire of many; but of none more than. 


Gentlemen, Dur Honors gt obliged, | 
aud obedient humble Servant, 


nee , b. FENNING. 
March 25, 1750. . 
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P REP E. 


To the Scuoor-MasTeRrs of Great-Britain, and all 
Lovers of the Mathematical Learning. | 


GENTLEMEN, 5 


2 ANY and great are the Advantages that ar iſe fr om 


the Knowledge of common Arithmetic on:y, to be 


Mafter of which requires a great deal of Time and Prac- 


tice; but Algebra 5 far eæceeds it, that were it not but 
that ſome ſenſible Progreſs muſt be made in the Former, it 
would hardly bear any Compariſon with the Latter, 

It may indeed be thought a needleſs and no leſs vain At- 
tempt to offer any Thing of this Sert to the Public, that 
has already been treated of by ſo many eminent Author's, as 
if more could be ſaid upon the Matter than has already been 


done. But it 15 to be obſerved, that the 3 Work is 
er 


deſigned only as a Preparative to the right Under/tanding 
of other Authors; ſo that perhaps, upon due Conſideration, 
the Undertaking may be found to be neither impertinent nor 


zmproper : For the Quęſtion is not, Are there not Books 


enough extant ? but, Whether the Generality of them 


are fit for Learners, ſo that they may be capable in a 


ſhort Time of themſelves to folve Queſtions without 


the Help of a Maſter ? This I think is the grand Point 


to be conſidered. =, 
I do not mean in the leaſt to fer thoſe Authors, for 
whoſe Works I would be thought to have the higheſt Regard ; 


but from the little Progreſs that moſt make who undertake _ 


to learn Algebra barely by Book, one would conclude (and 
that without the leaſi Detraction) that the Rules, Inſiruc- 
tions, and Examples, are not fo plainly ſuited to the Capa- 
cities of Learners as could be wiſhed. 5 


A great many are very ambitious to purchaſe for their 


very firjt Book ſome great and noted Author (and indeed 
ſuch muſl be conſulted, if we would become Maſters of any 
Art or Science;) but it is a common Miſtake to think they 
are beſt, and moſi to be depended upon in the Rudiments or 


fundamental Principles of ſuch Arts and Sciences. It is 
evident there is ſomething more in this than barely aſſerting 


it; for if it were ſo, what ſhauld be the Reaſon that jo 


many inferior Authors ( 57449 46 of ten Times leſs Knowledge 


in the Art or Science itſelf) have wrote, and do ſtill con- 
| | | tinue 


PRE F A. i. xi 
tinue to write Volumes, for the better underſtanding and 
explaining their Works? e 5 
indeed there was no Occaſion for this, then have they 
Jpent their Time in vain, and their Labours to no Purpoſe - 

ut certainly they have not done ſo; it is what was want- 
ing, and therefore a very neceſſary Undertaking ; becauſe, 
by thus doing, the Unlearned have, and ſtill may, become 
acquainted with ſuch Mathematical Books, which other- 
wiſe they never would underfland, without having a Tutor 
always at their Elbow; and then indeed Pardie's Geo- 
metry may be under/iood as well as Leadbetter's Mathe- 
matical Companion, or Boad's Artium Principia: And 
Wolfius and De Billy, as tell as Cocker or Hammond, 
but not without this, or ſome 2 like Advantages. Beſides, 
lt has long ſince been allowed, that it is none of the 
eaſieſt Things for Men of profound Learning to write 
within the ordinary Compaſs of common Capacities: Their 
Knowledge will very rarely ſuffer them to ſtoop to the Un- 
der landing or Conception of ſuch : So that what Dryden 


Jays of Love and Wiſdom together, may in another Senſe. 


be applied to the Caſe before u- 188 oy 
The Proverb holds, that to be wiſe and love, 


Ils hardly granted to the Gods above.“. 


For indeed, to Men of ſuch extraordinary Parts and 
Abilities, every Thing o this Sort is ſo very eaſy, that 
whatever they 3 e it either Precept or Example, 
they can diſtinguiſh it ſo many different Ways, that from 
hence the LT it is very eaſy to be underſtood by others ; 
on which Account they are in general not only ſo ſublime, 
but withal ſo conciſe, that it is well. known, that" not on! 

moſt 7 their eaſie/t Problems (as they are pleaſed to call 
them): but even ibeir Demonſtrations, require a further 
Demonſtration and more eaſy Explanation, before moſt 
Learners can of themſelves form a clear and diſtinè Idea. 
of the Nature of the Propoſition; at leaſt it will of them 
many a Weary. Hour, and ſometimes Days and Months; 
to under/iand toe whole Operation, though they apply ever. 
fo cloſe. and. 2 ; and all this for want of a few 
Mords applied in a free, natural, and eaſy Manner. Indeed, 
when we confider = Things, we cannot but ſay, it is a Pity 
a diligent Reader ſhould ſpend his Time to ſo ann 
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And that there are ſuch, is evidently known to too many 
as will appear from the Words of an Jutbor phy 
ge 


XII ER oP F N -C E. 


A. Algebra is noted for its Excellency, fo it is for its 
: Difjculty, and therefore ſeveral eminent Authors have been. 


pleaſes to call it a dark and dry Study; the Meaning I ap- 
prehend to be this, becauſe the Learnet goes on a long Time 
through. a Series of Rules and Examples, whith, though 
he. be ever ſo perfect in, yet ſees. no Reaſon. for what he has 
done, nor receives any Reliſh or Satigfaction, till he comes 
to put them in Practice in the ſolving of a few: Quaſtions; 


and even then, if the Author does not give a Reaſon for 


almoſt every Step of the Operation, the young. Tyro coil 
not ſo ſoon underſtand the Wark as he may imagine, but is 
often at a Loſs, and ſometimes totally lapped. 7 
- Now, if the young, Algebraiſt may poſſibly by. ſome Au- 
thors proceed thus far, and for want e better Aſſiſtance 
can go no further, what can be thought of ſuch Books as 
have. not Teen, Inſtructions for the very Rudiments only. 


10 
I have always been of Opinion, Jays he, that Algebra 
e hould not be entangled with à great Number of Precepts; 
& the Science is dark enough, without adding to it new. 


Obſcurity by the Confuſion of different Operations, &c.” 
Had he ſaid confuſed Oar indeed, it had been to 


the Purpoſe ; but what he means by calling different Ope- 
rations a Confuſion, I know not: For: Reaſon ( [think ) tells 
us, that a Variety of Examples 2 emon/trated, is the 
moſt ready Way te remove Cbſcurity, as it is the only 
Means to prevent a Learner's being entangled; becauſe, 
without Examples, he would have but imperfect? Ideas, 
and conſequently. could never underſtand the practical Part 
of any Art or Science © Ii is therefore not only agement 


| 32 a Thing to be hard, and not iuithal to give 


c acrent. 
ales and Examples to render it eaſy when in our (aids 3 
but it is as abſurd to think it ſhould ever be rightly under- 


. flood without theſe. 


He is no great Arithmetician who. will nat allow the 
Doctrine of Fractions, and.the Extraction of Roots to be 


Semething more difficult than the lower. Rules of common 


Arithmetic ; for which Reaſon the Directions are ſo many 


* It is of no Signification to mention the Author's Name. Thoſe that 
have him by them, may ſee the ſame Words; and I make no Doubt but they 


pill find be bas kept up to them tbroug hout bis Wark, 


the 
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EN ENT AF F. xiii 
the more, and ſo much the fuller * If then to under/land theſe 
only, ſuch a Number of Caſes and Examples are 1 
required, it is reaſonable to Juppeſe Algebra is to be learnt 
without, or by a few only? No ſureh 3 for look but into 
the Works of the unparalleled Saunderſon, you will there 
ind Precept upon Precept, and Example upon Example; 
and were it ſo that two Volumes in Quarto could be pur- 
chaſed by every Lover of this Science, they would Cin all 


Probability) make more Algebraiſts than all the Books ex- 
tant, would for ſome Years put a Stop to any further Pre- 


tences, and may be ſaid to be almoſt a finiſhing Stroke upon 
the Fubj ect. — But this cannot be done, 1 
Now, contrary to this, ſeveral Authors are ſo over and 
above Hort and intricate, that it is almoſt impoſſible fer a 
Beginner to learn ſo much as the Algorithm, much leſs the 


_ Algoriſm.* 


hat may be done by One in a T houſand is nat eaſily ac- 
counted for. Heaven has favoured ſome with a ſurpriſing 
quick 3 a penetrating Judgment, and tenacious 
Memory ; and if to theſe we add the Advantages of Time, 
together with the Delight and Operolity that ſuch a one 
may poſſibly take in any Branch of Lear Us Ip a Man 
as this, I ſay, cannot fail to make ſenſible Improvements 
from the ef ſublime Authors, and the moſt intricate De- 
mon/lrations : But can we expect to find this at every Door? 
Very few have two of all theſe Advantages, and therefore that 
which is but A, B, C, to the one, is as Greek to the other, 


From a due Conſideration of theſe Things, it is eaſy to 


perceive that a Book wrote in a plain and familiar Manner, 


and with a moderate Price, has been long unſhed for and 


expected; the Want of which (as ſeveral Schoolmaſters, 


and others my Acquaintance, have often ſaid) has been a 


very great Diſcouragement to Learners in their intended 
Deſign and Purſuit of Algebra. | | 

The moſt rational Method to make any one Maſter of any 
Art or Science, is certainly to introduce it to him in a na- 
tural Order, and to teach him at firſt only ſo much of it 


as is maſi neceſſary and 1 with the Foundation; and 
4 


when he under/lands the Fundamentals, he u ill ſoon be able 


to conquer the more difficult Parts, and may purſue the 


Algorithm fignifies the firft Principle, and Algoriſm the practical 
Part, or knowing bow to put the Algorithm in Practice. 


A Fn St udy 


| 
| 
| 
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Study in a more learned Manner, if his Fancy, Inclination, 
or e, Hall incline him fo to o. 
Such then is the Deſign of the following Sheets, to give 


the Learner a true Notion of Simple Equations; and to 


make the Wark as uſeful to him as I poſſibly could, I haue 
added that Part 11 0 1 : | 
ſhould not be acquainted with ſo neceſſary a Step: And tha” 


¶ have laid down every Thing in the firſt four Algebraic 


Rules as plain as I am able, /lill, that the young Practi- 


tioner may not be at a Loſs in working the Problems, 1 


have there recalled him back to his former Work, have given 


him the Reaſon gradatim (Step by Step) throughout the 
whole Operation, that he may the more readily underſtand 


the Nature of what he has been doing. 5 

J expect ſome critical Adepts may 5 there was no Oc- 
caſion to be ſo very 7 but let them be told once 
more, it is deſigne 


unworthy their Notice:) And I perſuade myſelf, upon this 


Conſideration, I have not dwelt too long upon any one Thing 


that requires a clear Demonſtration, if it were only for this 
Reaſen, that confidering the many Rules and Examples the 
Learner has got to go through before he can put them in 
Practice, and the Di culty of putting them in Practice 
to his own Satisfaction, an Author may be, and often is, 
tos ſhort for moſt, but he never can be too plain for any; 
and I think the practical Part of Algebra has already been 
ſufficiently 
and Conci oy. Again, „ | 
Does not Reaſon itſelf tell us, that Arts and Sciences are 
not like Hiſtory. A few Words in the different Circum- 
Nances and Parts of the Narration give us a general Idea 
of the Whole : But here it is quite otherwiſe ; the Reader 
muſt have Words as it were continually multiplied, to uns 
der/tand truly what is before him; ſo that that which may 


be called a needleſs Tautology in the one, is Nothing more 
than a proper neceſſary Repetition or Addition to the other. 
I hope, therefore, thoſe more ſtilled' in this Science will 

excuſe my being a little prolix, if I tell them I have done it 
in Sympathy to the young Practitioner, ſince I know the 
dear Purchaſe. of fludying Algebra from conciſe and obſcure 


Tt 


Books by woful Experience 1 


9 
„ 
. I 


ich treats of ds >. Fractions, le/t he 


| only for Learners, (though they them. 
ſelves, perhaps, may find ſame 7 72 in it not altogether 


proved to be inconſiſtent with tos much Sublimity 


. 


S S 


* 


P, R E. THA CE. e 


It is true, I have attempted the Wark in Dialogues, 
which render it more proliæ than it would haue been with- 
out them; but as I had neuer ſeen any. Tbing of this Sort 
wrote in that Manner, I did it partly to avoid the Charge 
of Plagiariſm; and it is the general Opinion, that this May 
of Writing conveys the : Senſe of. the Matter: ſooner to the 

deas, as it unbends tne Mind at Intervals, not by turning 


11 aſide fram the hubject Her but in ſenſibly fleals upon the + 


Fancy, and renders the Study in a great Meaſure a Diver- 
fron rather than a ary, burthenſome Taſk,” But a benevolent 
Critic'/naws, CCC 
Whoever thinks a faultleſs Piece to ſe·, 
. . © Thinks what ne'er was, nor is, nor e'er ſhall be.“ 
And a candid Fudge, when he conſiders the Scope , the 
Science, and Deſign of the Author, will grant. 
That if the Way be juſt, the Conduct true, 
.  » -Some Praiſe, in Spite of trivial Faults, is due. 


Let therefore the inen Reader conſider, that every 


* 
1 


Day has its Shades, and that my chief End is to ſerve him, 
and to ſave him Trouble in the: Purſuit this excellent 
Study, and then he will for the very Deſign's Sake, forgive 
thoſe Errors which the Preſs, Want of Time, or Ability, 
may poſſibly have occaſioned. © © © — 
Gentlemen, permit me 10 return Thanks, to ſuch of you 
as have encouraged the three laſt Editions; and l have, 
(according to Promiſe) added te this Third Impreſſim, not 
only a' plain and eaſy Method of compleating the Square, 
and extracting the Roots, but have alſo added ſeveral new 
Problems, by Way of Exerciſe, in order to make Juadratic 
Equations appear ſlill more eaſy to Learners.* TE 


_— 1 am, . 
GENTLEMEN, 


Your humble Servant, 
„ and Well-Wiſher, 

Royal Exchange, Bo WE, | Ep 

In this fifth Edition, the Appendix, has been corrected in ſe- 


veral Places; and Quadratic 1 and the Extraction of Roots 
are more fully treated of in the Supplement. + | | 
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Fu. Publißed, 


And Sold by S. CRowpka, in Pater-noſter-Row, London, 


And all other Bookſellers in Town and Country, 
All written by the late ingenious Mr. D, FENNING, 


A New Edition, being the Tenth, corrected and improved by W. 
Bux BID GE, Mathematician, Saliſbury, and recommended by ſe- 
veral eminent Writing-Maſters and Accomptants, as the beſt Book 


of the Kind extant, | . SY 
92 * % & 1 1 N \ ; 

The Britiſh Youth's Inſtructor: 
6 on, A_NEW. AND. EASY: ts... 
GUIDE to PRACTICAL ARITHMETIC, _ 
Wherein the Rudiments of common 8 Vulgar and De- 
eimal Fractions, the Extraction and Uſe of the Square and Cube 
Roots, &c. are ſo eaſily treated of, and ſo plainly demonſtrated, 


that any Perſon may of himſelf (in a ſhort time) become acquainted 
with every Thing neceſſary to the Knowledge of Buſineſs. Price 38. 


The Fourth Edition, greatly corrected and enlarged by Mr. Moon, 
Mathematician, Saliſbury, -  * 


The Young Man's Book of Knowledge ; ; 


Being a proper SuryPLEMENT to the 


' YOUNG MAN's COMPANION, 
In Six Parts, viz. | 
Part I. Of Knowledge in general. | | 
II. Theology, containing an Account of the Religion and 
Laws of Nature. | | 
III. Natural Philoſophy in general. IE: 
IV. Geography in a Manner entirely new; containing à ge- 
neral Deſcription of the four Quarters of the World, 
V. Geometry and Aſtronomy, Navigation, and Plain Sailing. 
VI. Of Muſic and Vibration. | | | 


Price 35, neatly bound, 


a . — —gñm—àlu.. 


The Fifth Edition, with large Corrections and Improvements, par- 
ticularly Six large and accurate Maps of the World and its different 
Parts, and alſo a- Map of Great-Britain and Ireland, recommended 


by ſeveral eminent Mathematicians. 


A New and Eaſy Guide to the USE of the GLOBES, | 
And the RupimenTs of GEOGRAPHY. 


Wherein the Knowledge of the Heavens and Earth is made eaſy to 
the meaneſt Capacity ; firſt by giving a conciſe Account of the four 
uarters of the World; and ſecondly, by the Solution of ſeventy 
uſeful Problems in Geography, Aſtronomy, Navigation, &c. 

| Price, neatly bound, 3s, 6d. 


| kiow I am here. | 
| (to Philoniathes) Sir, here's a Gentle- 
man deſires to ſpeak with you, if you be at Leifure 
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| Between Paronatues and | TrxvncvLus. 
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"Da at Philomathes's $ Da., 7 . 


Servant. 


RAY ; is | Philomathes within? 2 TE VEE: 
Serv. Yes, Sir. 2 
Thr. Has he Company? 

_ Serv. No, Sir : Pleaſe to wal into 

theParlour,. m 119750 . is quite alone. 
Tyr. — (within 


Serv. 


Phi, Who is it, Pſapho? 


Serv. I have ſeen the Gentleman before, sir, but 1 
forget his Name. | | 


Bi. 


| {eomes.) Fay 0 i | 
Hr. Dear Philomathes, I: am your bumble Servant; 
Phi. Tyruncilus, T am yours, and am heartily glad to 
ſee you. —Come, Sir, Pray Wk this Bo 1 beg of 
ou. 
Ir, — Sic — JJ ed 


I chooſe rather you would let him 7 
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Phi. Pleaſe to ſit-here, 8 ir, for you ſeem to be cola 
55 . Sir, I thank you; T am a little cold, I confeſs. 
hi. Give me Leave, Tyrunculus, to repeat once 


more, that I am proud to ſee you; and I hope, after 


the many Promiſes you have made, you are now come 
on purpoſe to ſpend an Hour or two with-me: - - 
Dr. Indeed, Philomathes, I came with that Deſign, 


if it be convenient; if not, I beg I may wait upon you 


at a more ſuitable Opportunity. | 

Phi. Indeed, Sir, I ſhall conſent to no ſuch Thing; 
you ſhall not put me off from Time to Time with your 
Apologies; you fee I am alone; why then ſhould you 
think it is inconvenient ? | 

Tyr. Pardon me, ' Phitamathes; as I ſee your Books 
-_ you, I thought you might be too buſy at this 

ime. _ . ie” +, | 3 | 

Phi. Piſh,—I am never ſo engaged with them, but 
that I am always ready to receive my Friend ; though I 


confeſs (when IT have not the Pleaſure of an apreeable 


Companion) they are pretty Company to me of them- 
ſelves. J) rg of Om WY 
Tyr. That I believe; for come when T will, 'you are 


always upon the Study. 


Phi. Indeed I am no cloſe Student, Tyrunculus; tis 


.tfue, ſome Things require more Thought and Conſide - 
ration than others, and I believe none more than what 


1 have now been eing. 
Tyr. Pray what is that, if I may be ſo free? | 
Phi. No Secrets at all, Tyrunculus; you may look in 
Hr. So, ſo! Algebra! — Cocker, Hammond, Saun- 

derſon, Kerſey, Ward, De Bill, 1 &c. You 

have a Variety of Authors, upon my Word. 
Phi. The Science requires it, Tyrunculuss 
Tyr. I believe ſo, and a fine Science it is; for my 
Part, I wiſh I underſtood: it; but it is ſo hard for a 
Learner to ſtep into it of himſelf, that I think it is quite 


any of the Books and welcome. | - 


tireſome. | 


Phi. You ſurprize me, Tyrunculus; why, you talked 
of learning long ago. ; ag 
Hr. I did ſo, aud bought two or three good Pieces 


(as 


1 NT ROD JET 0 Ns | 55 3 | 


(as the are called) upon it; but I own Lam very little 5 


the wiſer for all my ſtudying. , 
Phi. Do not ſay you ſtudied; I fancy youionly gave 


them a careleſs Look or two; and Things of this Na- 


ture ſhould be read ſlow, and with the greateſt Atten- 
dee 1 15 - of Wher ot e 

no Pains; many an Hour's Reſt have I broke, to learn 
only the firſt four Rules; and as for Equations, I 


Tyr. I am ſorry, Philomathes, you think I have taken 


never could underſtand them; and to ſay the Truth, 
LT have laid the Thoughts of it aſide for ſome Months. 


Phi. I beg, Tyranculus, you would not be angry; 


— 


what made me think ſo is; becauſe I know: moſt Learn- 5 


ers are apt to run over Things too haſtily, and then 
blame the Author for their not coming at them directly: 
However, it is plain the Fault is either in you or the 
Books (if not in both) that you have made no better 
Improvement. 8 „ CC AI Sq EY Eg 


Fr. I am apt to think the Fault is in them as much 


as in me. 4 


Phi. Perhaps ſo; but what ſignifies barely aſſerting 


it, without giving a Reaſon? ' © | © ! 
Tyr. Whether I be expert enough to give you a ſuf- 


ficient one, I will not ſay. 


Phi. Let me hear you give ſome Reaſon or othewſs 
; _ hy Why then, Philomathes, two of my 
treat only of Algebra itſelf, beginning with en, 
directly; the other indeed begins at Addition, 
ceeds on to the firſt four Algebraic Rules, 
learnt pretty well; but when 1 came to Aige brad 


tions, I (not knowing any Thing of Vulgar and he 
being ſo conciſe) could underſtand very little of them; 


on which Account, when I came to Equations, I was 
quite at a Loſs; for I peroeive there are very few but 
what have Fractions, and I know very little of them, 


except juſt to read them. | 1 | 
hi. Why indeed, Brunculus if you are not acquainted 


with Vulgar Fractions, it is in'vain you pretend to ſtudy 


Algebra, for they are the very Baſis and Foundation of 
It; however, Algebraic Hractions are done after the ſame 
Manner as Yulgar. | | 
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of the two, I imagine? | Hal 85 Ea 
Phi. Ves, yes, I grant it; but ſtill when the Learn- 
er is well acquainted with Vulgar, he will ſoon under- 
ſtand Algebraic Fractions; beſides, it will ſave him a 
reat deal of Trouble, for it is impoſſible to reduce an 
 : Equation, in order to diſcover the Value of the unknown 
Quantity; without underſtanding one or both of theſe. 
Tyr. Since you grant this then, Philomathes, I think 
vou muſt own the Fault to be in the Books rather than 
in me! 5 JJö§ê7'i PISA A 
_ Pha. Tis true, the Books you ſpeak of are not fit 
for Learners ; but ſtill, I muſt not indulge you ſo much 
as to lay all the Fault upon them; for, as I ſaid before, 
though they may not be immediately fit for Beginners, 
yet they may be very good Books; for you are to con- 
ſider, Tyrunculus, that ſome Authors ſuppoſe Perſons 
previouſly to underſtand ſuch and ſuch Rule. 
Tyr. You ſay very right, Philomathes; but pray did 
you never hear any beſides me complain of the Diffi- 
culty of learning Algebra by moſt Author? 
Phi. Yes, a great many, and there may be Reaſons 
for it; but we ſhould always, in ſuch Caſes, paſs our 
Sentiments with Reaſon, Caution and Tenderneſs, and 
not blame Authors on Account of every ſupine Learner ; 
tor it is evident we can have no better, if we go to the 
Extent of the Science; tho' I muſt confeſs thus far, 
that, upon the Rudiments, the Generality- are a 
little dark, and too conciſe. +: e 
Br. Since you own this, Philomathes, how then 
could you fo ſeverely blame me, that I have made no 
better Progreſs ? (20 e 
Phi. You are not ſo much to be blamed as I thought; 
but ſtill you are to be blamed in this Reſpect, that 
you have not conſulted, more Books; for he that de- 
ligns to be Maſter of any Art or. Science, ſhould 
certainly provide himſelf with a Sufficiency for ſuch an 
Undertaking ; for it often happens, that what one Au- 
thor is deficient in, or treats darkly upon, another ſets 
forth in a clear and eaſy Manner to be underſtood. 
Tyr. A Variety of Books cannot be had, you know, 
v thout Expence, 333 P55 
b 1. 


Dr. But you will allow them to be much the harder 
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| Phi. You make me ſmile to hear you talk of Ex- 
pence ; you know very well you can afford to pur- 
chaſe any Books you have a Mind to. 5 v3 


- Tyr. That may be, but I ſpeak in Pity to thoſe, that. 


cannot; for by Reaſon of this, many Minds lie quite 
uncultivated, which otherwiſe would make fine Im- 


provements in ſeveral: Branches of Learniig: This 


was the Caſe of Tyro, when he took in Hand to learn- 
this Science, and 1 made him a Preſent of Cocter and 
Hammond to encourage him. nt 1 a re 
Phi. You did very kindly, and could not have made 
him a prettier Preſent; and he will certainly, learn, for 
he has a very pretty Turn of Thought for Figures. 
Tyr. I have heard Novitius ſay the ſame, (for they 
both practice together) but yet he ſays, that.he never 
could rightly underſtand in what Manner Cocker re- 
duces ſeveral of his Equations; for my Part, I won- 
der at his Patience. | Fon tt . 3 
Phi, Delight, Tyrunculus, Delight carries us through, 


many Difficulties: But pray, do you remember any 


particular Queſtion or Equation that he ſeems ſo much, 


puzzled about? 


Tyr. That [| do not: but I heard him wiſh he had 
the Happinefs of being acquainted with you, he would. 
have” aſked you how to reduce a certain Equation. or 
two, which puzzles him pretty much, but that he 
feared you would take it amils. 8 | 
Phi. Not I, in the leaſt: you know, Tyrunculus, 
I am of no ſuch ſelfiſh Temper ; I hate it of all Things; 
it would be Ingratitude not to communicate that freely, 
which I received ſo: Baſe and ſordid Spirits will indeed 
deny their Aſſiſtance, that they may have the Pleaſure 
of laughing at the Ignorance of thoſe that they ought 
to have inſtructed. 1 | | 

Tyr. It is very true, Philomathes, Philautus is of this 
unhappy Diſpoittion; I heard Novitius ſay, a little. 
while ago, he aſked him only a ſingle Queſtion, and 
he would not reſolve it, but gave him very little auſwer, 
and ſeemed, (he ſaid) to be affronted; and yet you know. 
they are intimately acquainted, and he always expreſſes 
the greateſt Regard for Novitius in other Reſpects. 


B3 Phi. 
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Phi, It is very ſurpriſing ! The various Tempers of 
Men are not eahly' to be accounted! for, you know, 
 Tyrunculus : To be ſure, that Man can be of no Ser- 
vice to any Society, that is not ready and willing to 
aſſiſt every Member of it, and eſpecially when he is 
entreated. Lucretius was wont to ſay, That he 
*© would ſeek all Opportunities to communicate what- 
< ever he thought might be ſerviceable to any Man; 
<.2nd that, if Wiſdom and Knowledge were given to 
„him with that Reſerve, that he might not impart it 
© to others, he ſaid, he would much rather chooſe to 
de without them.“ | 5 OT 
Tyr. ——— (ſmiles) . 

Eh. What do you fmile at, Tyrunculus ® £4 85 

Tyr. Nothing, Sir. — I was only going to ſay, 1 
wiſh Lucretius lived near me. | 

Phi. That is not amiſs, Tyrunculus, I confeſs: How- 
ever, I am as ready to ſerve you as he would be; and 
to ſhew you I am, if you approve of it, and have a 
Mind to have a little Touch at Algebra, I will give 
you the beſt Inſtructions I am capable of, upon Pro- 
miſe you will apply diligently ; for were I ſure you. 
would not, I ſhould repent my Folly even in afk-. 
ing you, much more in the Undertaking itſelf. You 
remember the old Proverb, Strike the. Iron while it is hot: 
If you ſlight this Offer, you may, perhaps, afterwards 
blame yourſelf. —— Come, what ſay you? 4 

Tyr. Dear Philomathes, J am ſtil! more obliged to 
E and as J am bound in Duty to accept of your 

indneſs with Thanks, give me Leave to ſay, I will 
uſe my beſt Endeavours not to fruſtrate your kind 
Benevolence; but indeed it is giving you too much 
Trouble. f | I 

Phi. Do not mention it: You are welcome, as I ſaid 
before ; but pray when will you begin, for the ſooner 
the better, if you take my Advice? OTIS! 

Tyr. That muſt be as you pleaſe, Sir, 

Phi. It never can be more convenient than now, as 
we are alone, and free from any Interruption. 

Tyr. With all my Heart, Sir, A 

Phi. Well then, Tyrunculus, I would have you ob- 
| ſerve the Method I ſha 


1] take for your Inſtruction: I 
: ſhall 
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ſhall firſt begin with you at oy, Fractions, (as you 
have, you ſay, but very little Notion. of them). and 
ſhall treat more of them than is required in the Alge- 
braic Part, that you may ſee their Uſe in other Reſpects: 
Then I ſhall proceed to Algebraic Fractians, the Rule 


of Proportion, and Equations; wherein I ſhall give you 


ſeveral Examples very rarely to be met with, or fo ea- 
ſily demonſtrated : After theſe, I ſhall make ſome ne- 
ceſſary Obſervations, and proceed directly to Algebraic 
Problems; and ſhall work them ſo. gradually, that you 
cannot miſs (if you take any Pains at all) to under- 
ſtand every Operation. But as ſeveral Things will, no 

doubt, happen, that you may not immediately, upon 
firſt reading, have a true Notion of; pray do fo. much 
1 to yourſelf, as to aſk. the Meaning of every 

hing you are at a Loſs for, and do not content your- 
felf to go away half-taught. For my Part, I ſhall be 
careful to avoid any Fhing that I think may give Oc- 
eaſion to {top you in the Undertaking : Be you. but as 
diligent to obſerve the Rules. and: Examples, and you 
will ſoon be Mafter of that which I ſhall hereafter in- 
ſtruct you in; and then, Tyrunculus, Cocker and Hum- 
mond will at once appear bath beautiful and eaſy to 

you; or. Saunder/on and Kerſey, if you think fit to 
purchaſe them, (the former of which I more parti- 
cularly recommend :)*. But if you have not the Hap- 
pineſs to meet with either of theſe, you are here 
qualified for Vard, and have a good Foundation to 
pune more conciſe Authors, ſuch as De Bully, Geſtinus, 


* ” 


7 olfius, &c. &c. 155 4 


* As the Author makes no Mention of Maclauxin's Treatiſe 0 
Algebra, which is undoubtedly the beſt in the Engliſh Language, | 
take this Opportunity of recommending it. DITOR. - 
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On NoTATION.and REDUCTION of VULGAR 


FRACTIONS., | 


. WI, do you mean by Notation of Fractions? 

WY _ Phs. Notation ſhews you how to write 
down and expreſs any Fraction. Dry 0 | 
Tyr. What is a Vulgar Fractiun? 
Phi. A Frattio ſignifies a broken Number, or, in 
other Words, when Unity, or the Number 1, is divided 
into any Number of Parts, thoſe Parts are a Fractional 
Part of the Integer itſelf. [0 83. 259 j{4] 
- Tyr. How am I to know a YVulear Fraftion? 
- Phi. Whenever you ſee any Figure or Figures, with 
another Figure or Figures underneath, and a Daſh be- 
tween them, (thus, 35) they are Vulgar Fractions of 
ſome Denomination or other. OE 
Tyr. What! are there different Sorts then ? 

Phi. Yes, three at leaſt. 1 
Fyr. Tell me their different Names, if you pleaſe? 
Phi. Firſt then, there are Simple, Single, or Proper 
Fractions, (for you muſt note they are frequently called 
by either of theſe Names ;) 2dly, Improper ; and, 3dly, 

Compound Frattions. . tor 107 5a dS; 
Tyr.” How are they ſeparately known, or expreſſed in 
TRE. Thang 2, 4 2, 42, aro all Proper Fraftie; 
1. Thus; 3, 5, 12, #32, are all Proper Fractions; 
they are ſo called becauſe each of the . is leſs 
than the Denominator belonging to it. 5 

Tyr. What do you mean by Numerator and Deno- 

minator? _ : | 
Phi. The Numerator always ſtands a- top of the Daſh, 
and the Denominator underneath : Thus in the fore- 
going Proper actions, 2, 5, 9, and. 412, are Nume- 
| | rators: 
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rators; and 3, 8, 14, and 716, are their reſpective De- 
nominators. e „ 
Tyr. Very well: What is an Improper Frafiion?. 

| Phi. {improper Fractions, contrary. to Proper ones, 
have their Numerators larger than the Denominators: 
Thus, 2, *3, , and 73s, are Improper Fractions. 

Tyr. What do-you mean by Compound Frattions ? 

Phi. Compound Fractions are Fractiůons of Fradtions, 
compounded, coupled, or joined together, by'the Word 
of Thus 5 of 4, or 5 of +7 of 33, are Compound 

ractions: Do you underſtand it? | "a, 

Tyr. Yes, I do Sir: But how are theſe different 
Fractions read, or verbally expreſſed? r 

Phi. Thus, Z and 423, is two Thirds, and fourteen 
Twenty-ninths; alſo *+ is fourteen Fifths; and 4 of 
5 of x7, is 3 Fourths of 5 Sixths of 7 Elevenths. 
Tyr. The 3 Fourths of the 5 Sixths of the 7 Elevenths: 
But of what? 5 85 „„ 

Phi. Why, the 4 of the ; of the r Parts of an In- 
teger, or whole Number. e 
3 oh I aſk Pardon: But it muſt be very hard to tell 
that. 5 (HI AY SS 23119 

Phi. You are not to concern yourſelf about this at 
preſent ; you will find it eaſy enough by-and- b). 
yr. Is there no other Sort of Fractions? © © 

Phi. Properly ſpeaking there is not; but there is 
what we call a Mixt Number. : 5 
Tyr. What js that pr. TER 
Phi. A Mixt Number conſiſts of two Parts, the firſt 
Part a whole Number, and the other a Fra#1om - Thus, | 
42, and 247 5, are Mixt Numbers; that is, 4 Units and 
3 of Unity or 1; and 247 Units and of 1. 

Tyr. I underſtand it very well: What is the next 
Thing you purpoſe ? | 1 YT; 00 

Phi. Nothing more concerning the Names of Frac- 
tions I ſhall now give you three or four Obſervations, 
which you will do well to remember. 1 57 


'T 


C. rr Frag ar 


| 
! 


— —2— 8 K . 


OBSERVATION I. 


The Value of every Proper Fraction is lefs than 
Unity or an Integer, by ſo many Times as the Nu- 
merator is contained in oy Denominator; as you will 

5 Se ſee 


this. 


10 No TAT ION, Ge. 


ſee demonſtrated (Caſe 9) in Reduction: So alſo is the 
Value of all Compound Fractions if they be compounded 
of Proper ones; for they are all but one Simple Frac- 
on when reduced, as you will ſee (Caſe 6) in Re- 


 OBsERVATION 2. 


Contrary to this, the Value of any Improper Fraction 
is more than an Integer, or as many whole Integers as 
the Denominator is contained Times in the Numerator; 
(See Caſe g in Reduction.) 


OBSERVATION ;. 

When the Numerator and Denominator are alike, 
this is called by ſome an Imnpr oper Fraction, but with 
what Propriety I know not, ſeeing it is only Unity 
itſelf: For 4 of a C. Sterling is 1 C. and 2 of a Yard 
1 Yard; becauſe 4 divided by 4, and g divided by , gives 
one whole Integer. | 9 


| | OzsERVATIO& 6 YE 
When you would make any whole Number info an 
Improper Fraction, then put Unity underneath it. Thus 
4 will be 4, and 126 will be , &c. Pray remember 


* 


Tyr. I underſtand you quite well; but pray how is 
the Value of a Fradtion diſcovered, in Order to know 
what Relation it bears to an Integer? _ 
Phi. Fractions are reduced by certain Rules or Caſes 
in Reduction, of which if you be Maſter, you will ſoon 
add, ſubtract, multiply, and divide; but not elſe. 
Tyr. Why is Reduction taught before the others pray? 
51. Becauſe the Fraclions mult be firſt reduced be- 
fore you can do the other Rules: Reduction therefore 
prepares the Fractions, as you will ſee by the following 


xamples. 


SECT. 


(. 


? 


2 


57. | AM mightily pleaſed with what you have ſhewn 


know what a Simple, Compound, Improper Fraction, and 


them another Look; you cannot be too perfect. 


© Multiply the whole Number by the Denominatar of 
the Fractian belonging to it, and take in the Numera- 
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me concerning the Nature of Vulgar Fractions; 
but think I long to know haw to reduce them. | 
Phi. That you ſhall directly; but are you ſure you 


Mixt Numbers are? for they muſt be known: And if 
you think you do not underſtand them quite well, give 


Tyr. I am poſitive I underſtand what they mean. 

Phi. Very well: Pray hand me that Slate then; I 
will reduce them in their Order before your Face, and 
you may try at other Examples, which you may ſet 
yourſelf at your Leiſure. ; T 


CASE 1. 


To reduce a Mixt Number 7e a Im proper Fraction. 
The Rule 16, 


tor; then under this Product ſet the Dehomjnator ; fo 


is this Improper Frq4ion equivalent to the Mixt Number 
given. 


EXAMPLE I. 
Reduce 4 5 to an Improper Fraction. 


> - 
4 5 


=: 


:. I | 2 
RS, - 


j "OOF; Ts ES, 

* EXAMPLE 2. 

: ; 5 Nh” 

N Reduce 51 5% to an Improper Fraction. 

; " 34%. 3-H 134 * a 5% 4 M6 * k & CUES Won EPR * 4 

' — - 

h k 

| | a Bo 1 T 3 : | 
SISA 10 2 — 8 8 1 4 | 

11 | 


\EXAnPLE 3. by e 
Reduce 75 15 + wo an Improper Fraction. oP 


t 


8 mine: 


Tr. He that can "Y common Multiplication may. do 


this. 
Phi. True; and he that can do common Diviſion 
may do the next, it being only the Reverſe of the for- 


* 
14 


4 mer Caſe, as — ſee by the ſame Examples. 


| 
£ 
* 


41 . 
To reduce an a gdper Fraction 10 its equivalent, whole, 
er mixt N umber. 


The Rule is, 


| Divide the Numerator by the Denominator, ad i =: 
any Thing remains, ſet it over the Denominator, for 


a new Numerator, and it is done. . K 
| X= 
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f EXAMPLE I. | 
| Reduce *3 to its equivalent, whole, or mixt Number. 
[cups rte L wiacerd SIRE er ns ES 
4+ Anſ. See Ex. 1. Caſe 1. 
1 1 „ : FL — OP 
EXAMPEE 2. 
Reduce Ti to its equivalent, whole, or mixt Number. 
F © T7 
| ————_—C__C. 2 


— 


[if 
® + 


* 
, 


— P 


g Ex AMPLE Jo's 2] m4 998 2 
Reduce 2 to its equivalent, whole, or mixt Number. 
J%%JCCCCCVCVy%VVV)J) ( CIO 
Ef | Mn — 4 "4 2 3 . a 
42 Fin. 1612 183 Oe "13531 1148 Dis 
| 168 


———— 


* » KF * o F * — : — 
# 5 * , "y - 4 -y 4 *. 27. oe f * 1 - . }- * 4 CE 4 8 n e 98 * £55 *2 * ＋ 
1 4% +4 t : . o £%\F * . 3 7 "I 7 * 1 . 3 — „ # e „ 4 bi 
by p : * 1 * — 
=— — 19 2 , f „ 
- L c +a + » | _— 9 = * + = 9 f 4 f 1 i? : k — = 4 , P a J 
— * * oy y 8 ff Dy , 


Note, When there is no Remainder in the Diviſion, 
then will the whole Number be equivalent, or equal to 
the given Iinproper Fraction. As for Example: Suppoſe 
I would reduce 55 to its Equivalent; I divide 56 by 7, 


and the Quotient is 8; ſo is 8 equal to 5; fo alfo 335 


is equal to 19. This is eaſily ſeen by the next Caſe. 


+ I. % 1} 
s. 54 


£31 Ir" ©. Cave ;: 
To reduce any whole Number to an Improper Fraction. 
* n pA ' 8 A The ; 


Ma? BAG Irs — n E „„ 


14  RsDocrian of 


The Rule is, | | 


Multiply the whole Number by any Figure at Plea- 
ſure, and under the Product ſet the ſame Figure you 
multiply'd by, and you have an nproper Fraction equal 
to the given whale Number, 


EXAMPLE 1. 
Reduce 14 to an Improper Fraction. 


14 14 14 
5 9 . 
70 126 168 
— Anf. — Anuſ. Anſ. 
5 9 12 


Here you ſee I multiply the whole Number by 5, by q, 
or by 12, or any other Figure, and the {mprager Frac- 
tions are all equal to each other, and are alſo equal to 14. 
Therefore this is an unlimited Queſtion, to which an 

infinite Number of Anſwers may be given, and all right: 
but if the Queſtion be propoſed thus, it will be limited, 
and can then have only one Anſwer. As for Example, 


EXAMPLE 2. 


Reduce 14 to an Improper Fraction, whoſe Denominator 
. ſhall be 15. | | 


Here as I am to have 15, for its Deneminator, I am 
obliged to multiply by 15, and no other Figure. 


| 14 
3 | 15 


70 
14 
py „„ 
— Af. equal to 14, as before. 
= „ 


* 
- 
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CASE 4. 


To reduce u FraQtion to its loweft Terms, equal in Value 


to the Fraction given. 


The Rule is, © 


Divide the Numerator and Denominator by any 
Figure that will divide them both without any Re- 
mainder, and continue ſo doing till you can divide them 
no lower; fo will this laſt Quotient be the loweſt 


Terms equal to the original given Fraction. 


- EXAMPLE I. 
| Reduce 54 to its loweſt Terms, 
Divifors 2 3 43 
Num. 144] 72 |24| 6| 2 8 5 
EEA = 
Denom. 2161108 [36 91 3 


EXAMPLE 2. 
Reduce 328 to its loweſt Terms. 
Divifors 6 8 4 


Num. 576 96 [12] 3 
Pp ³˙· w 
Denom. 960160 Izo| 5 | 


Do you underſtand the Work ? | 
Hr. I underſtand all wy well, but the two Lines 
ou make after the Anſwers I don't rightly apprehend. 
Phi. W hat this Mark (=) do you mean ? r 
17+ © 2k, Te is the Siamof Kean WA 
3 7. It is the Sign o uality, it ſignifies 
What= that 4 is equal to 278 and 3 3 — 888. 
Sgnifies. Vou will frequently ſee it uſed by and by. 


Note, After the ſame Manner are Algebraic Fractions 
| abbreviated. For ſuppoſe I were to abbreviate or 


reduce 22 to its loweſt Terms; it is only taking away 


be | 
ſuch Letters or Quantities as are alike out of the Nu- 


merator 


7 
0 
f 


r —— 
8 ä * v > » 
ed tad RE DD OE TY 
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merator and the Denominator, and the Work is done. 


Thus in the above Algebraic Frackion a; I find b both 


in the Numerator and Denominator, therefore by tak- 
ing b from both, I have — in its loweſt Terms = | 
But this you will ſee more of in Caſe 4 of Algebraic 


Fractions. | 


| | Lo 

Fr. Is there no other Method of reducing a Faction 

to its loweſt Terms, becauſe it is difficult to find Figures 
that will divide ſome Frans. | ; 

Phi, Tis true, for that Figure which will divide one, 
will not perhaps divide the other; but there is a Way 
to tell what Figure will do it at one Operation. | 

Hr. That muſt be mighty pretty; pray let's ſee it? 

Phi. You ſhall. Ta 5 | 


CASE F. . | | 
Another Way to reduce a Fraction to its lotteſ Terms at one 
Work. (Euc. 7, Pr. 1, 2, 3.) 


Divide the Denominator of the Fraction by its Nume- 
rator; and if any Thing remains, divide your former 
Diviſor by it; and if any Thing yet remains, divide 
your laſt Diviſor _— Thus proceed till Nothing re- 
mains; and then ſhall your laſt Diviſor be a Common-. 
Meaſurer, that will infallibly divide both the Numera- 
tor and Denominator of the given Fraction, and reduce 
it into its loweſt Terms at one Work. 

Tyr. Pray give me an Example, and explain it in 
Words. 5 I | ; Thx» 


Phi. I will. 
EXAMPLE I, 
Reduce 547 to its loweſt Terms by a Common- 


r | 


* 


Firſt, I divide 252 by 147 the Numerator, and it 5 
once, and 1G5 remains; this 105 I make now a Di- 


viſor, and the laſt Diviſor (vix. 147) a Dividend, and find 
it contains once 105, and 42 remains; by this 42 I divide 


the 


Vulcar [Fractions Tt 


the laſt Diviſor og, and find 21 remains; and laſtly, 
by this 21 I divide the laſt Diviſor 42, and find Nothing 
remains: So is the laſt Diviſor 21 a Common Meaſure, 
that will reduce the given Fraction 343 to its loweſt 
Terms at once; for dividing the Numerator 147 by 21, 
J have 7 for a new Numerator ; and dividing 252 by 21, 
I have. 12 for a new Denominator; and thus I find 


| EXAMPLE 2. 2 2 
Reduce 524 to its loweſt Terms by a Common-Meaſurer,. 
ein Oar " - FELT GE . 


574) 861 (i | ae. + * 8 
SE 


Com. Meaſurer 287) 574 (2 
5 1 


0 


"2 287) 574 (2 New Num. 
„ „ 5 


O 


— 


Deb 1. 1146 
- 287) = (3 New Denom. 
| 8 


4 
1 
N — 


Al. kalt 


Tyr. J underſtand it wel] but pray ſuppoſe 188 


cannot be abbreviated by a Common-Mleaſurer, by its 


F * 
* 


proving an Unit at laſt? : | 1 
_ Phi. Why then it is in the loweſt Terms already: 
Such a one is 317. e „5 
a Ty Very well. Pray are there no more Caſes in 
Reduction. ;_- ... . 13 | 575 
. Phi. Yes, here follows, op ; 
% | CASE 


— 


rn 


To reduce a Compound. Fraction te 4 Simple-· one of the 


B i 
Multiply all the Numerators one into another for a 
new Numerator; then multiply all the Denominatory 
together for a New Denominator; ſo ſhall this new 
Fraction be equal to the Compound Fraction given. 
Tyr. This is ſo eaſy, I think I can do it directly; 


pray try me? 


| Phi, No Doubt; for it is only common Multiplica- 
tion. „„ ; 
EXAMPLE . 
Reduce % of of 3 to a Simple Fraction. 
Tyr. I ſet down all the Numerators thus, 2 


4 
Then J multiply all the Denom. 3 10 
e Ge 3 
18 30 New N. 
4 | 
New Denom. 72 


Anl. 42=3 of 4 of . 


What this Phi. It is very right, Tyrunculus; but 
* Croſs there is a Character uſed for Multiplication 


ſigniſies. which will mightily ſhorten the Work, and 


take up leſs Room; befides it is frequent] 
uſed in Algebra. This is it (x), and it fignifies tha 
all the Numbers between which it ſtands are to be mul- 
tiplied together. 'Thus'4 x6 x 2=48. Pray remember 


Tyr. I know your Meaning immediately. Thus, 4 
multiplied by 8 is 4x8, that is 32. So 3x2X5=30. 


. 


Is it ſo or not? 


Vurcar FRACG TTS. ta 


Phi. Vou are very right; now PII try you with ano- 
ther Sum. | 6 


EXAMPLE 2. 


Reduce 5 of 4 of % of 4x to a Simple Fraction. 
Vr. I multiply all the Numerators together, 
Thus 5 x 4X3 x11= 660 for a new Numeratar. 
And 7X; x4X12=1680 for a new Denominator. 
So is 12882 of + of 3 of 44 Anſe _ 3 
Phi. It is very well done, Tyrunculus; now we will 
proceed to 4 | . 


| .Casr 7. | | 
To reduce Fractions of unequal, ar different Denominators, 


to Fractions of the ſame Value, having but one common 
Denominator to all the Numerators. 


The Rule is, 


Multiply all the Denominators together for a common 
 Denominator ; then take each Numerator, (beginning 
at the firſt) and multiply it into all the Denominators 

except its own Denominator ; ſo ſhall theſe different 


Products be new Numerators to the common Denomina- 


tor, equal to that Fraction whoſe Numerator you mul- 
tiplied into the Denominators, which place over the 


common Denominator, and the Work is done. Do 


you think you could do this directly? | 
Tyr. No, this is not ſo eaſy as the Jaſt Caſe. Pray 
give me one Example at large, and then Pl] try. 


That N. N. Phi. Iwill. Pray remember N. N. 


and C. D. ſignify new Numerator, and C. D. com- 
fgnify, mon Denominator. | 


Ex- 


_ . - * r 
i —-— Pre th 0 Ce 8 Wo, 


| 
| 
| 
| 
f 
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20 REDUCTION T 
EXAMPLE: 1. © © [2 | 
Reduce 3, J, and +, to Fractions of the ſame Value, 


aving a common Denominator. 


35 3 L. 
Fut; tens? a and 5 
* 1 CY 5 
FT En 10 8 25 
8 g 8 8 3 


— 5 


C. D. 10 N. N. 80 N. N. 72 N. N. 75 


Anſ. 1 =, for 80 is; of 120. Alſo e =, and 
178 =. . : 1 


Tyr. Tis ſo plainly done, that I think I can ds 
another Example. | | 5 | 
- Pbi. Poſſibly you may, as you take good Obſerva- 
tion, | | | | | 


F=xXMPIE 2, 


| Reduce +, 5, 7, and 3, to Fractions having a common 


Denominator. © 


Tyr. Firſt then, 5 x 6 x 8 x 4 = 960 for a common 
Denominator. Then4 x 6 x 8 x 4 = 768 N. N. 


| Andg x5 Xx 8 * 4 80 N. N. Again 7 x6X5 


* 4= 840 N. N. And laſtly 3 x 8 x 6 X5 = 720 
N. N. Theſe new Numerators placed over the com- 
mon Denominator, I find the Anſwer to be 358 = 2, 
329 = 2, 828 S +, and 338 = 4. Is it right? RR 
- Phi, Lou ſurprize me, to ſee vou fo apt; fee what 


Care is | You have no Occaſion for more Examples in 


this Caſe, We will paſs on then to 


| CASE 8. 
7 reduce FraQtions of one Denomination to another. 
This conſiſts of two Parts, aſcending or deſcending. 
And firſt of aſcending. - © Gs | 
When a Fra#1on is given to be brought from a leſs 
to a greater Denomination, then ſet down the Tm 
| an 
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and make a compound one of it, according to the De- 
nomination it is to be brought into; and this compound 
Fraction is made by conſidering how many of the leſs 
make one of the greater; then reduce this compound to a 
ſimple Fradtion, and you will have a Fraction of another 
| Denomination, equal in Value to the given Fraction. 
Tyr. This is a hard Caſe; this is not underſtood by 
bare reading, i 92 
Phi, It is harder than ſome of the reſt; but an Ex- 


ample or two will make it plain. 
1 EA : 
Reduce 3. of a Penny to the Fraction of a C. Sterling. 
Now obſerve, as 12 Pence make a Shilling, and 20 
 Shillings a Pound, I make a compound Fraction of 3 thus. 
3 C 
Nov this reduced to a fimple Fraction, vis. 3 X 1 * 
1 = 3 N. N. and 5 * 12 * 20 1200 N. D. So is 
rod of a C. = 3 of a Penny, _ „ 
| OR, ee 3 It 
Otherwiſe make a compound Fraction of it at once; 
that is 240 Pence make a C. Sterling. Then it will be 
4 of 275; this reduced to a ſimple Fraction, is 5538 of a 
L. of a Penny as above. 1 
| ur 
Reduce 5 of a Farthing to the Fraction of 'a Guinea. 
| This will be 4 of 4 of A of x+ of a Guinea, 
Now 3 X1 X1X1=23N.N.and4x4 X12 x 
21 = 4032 N. D. 8o is 2824 of a Guinea = Z of a 
Farthing. 6 
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- . 2. Dise birne 
In deſcending you are to conſider, that the Fraction is 


to be brought from a greater to a leſs Denomination; 
therefore, as you multiplied the Denominator of the 

* This Fraction, when reduced to its loweſt Terms, will be __: 
of a J; and the Fraction in the next Example will be 73734 of 2 
Guinea. Such Reductions will ſometimes ſave many Figures in an 
Operation, as ſhall be ſhown further on. EpiT, 3 
N | Lives 
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22 Fraction by the Parts contained in the 9 — er in 
Reduction aſcending, ſo now here you muſt multiply the 
Numerator of the given Fraction by the ſame Parts, and 
you have the Anſwer. Or, which is all the fame, only 
invert the Parts contained in the Integer, (that is, turn 
them topſy - turvy) and make of them a compound Fraction 
as before, then reduce it to a /imple Fraction, and it is 
done. | | f 
1 Ex AMPLE I. 

Reduce + of a L. Sterling to the Fraction of a Penny. 

Here I conſider that a Shilling is 26 of a £. and a 
Penny 12 of a Shilling, therefore I multiply the Nume- 
rator 4 by 20 and by 12, and the Product is 960, which 
I place over the Denominator, thus 952, So is 952 of a 
Penny equal to £ of a ,. or 16 Shillings. 

Or, by inverting the Parts as above directed, it will 
be + of *2 of *+ a compound Fraction, which reduced to a 
ſimple one, viz. 4 X 20'X 12 = 960 N. N. and 5 x 1 

KIS N. D. To prove this we will try Example 2. 
of Reduction aſcending. 
> © *EBXAMPLE- 2. | 
Reduce 25 of a Guinea to the Fraction of a Farthing. 


Here 534 of 1 of r of 4, | 

Now 3 x 21 X 12 * 4= 3024 N. N. 

And 4032 X1 N * 1 =:4032 N. D. This Frac- 
tion abbreviated * is = + of a Farthing. So is 4 of a 
3 = 42834 Of a Guinea, as in Example 2 of laſt 
Rule. | 1 8 | 

What do you fay to this Caſe, Tyruntulus ? 

Tyr. I think I underſtand it pretty well; however, 
I will look it over again, and try at other Examples. 

Phi. Do ſo. Now, Tyrunculus, we are come to the 
moſt uſeful and pleaſant Caſe of all, which is to find 
the true Value of any Fraction. . 

Tyr. That 1 ſhall like to know. 


That is, reduced to its loweſt Terms. See Page 16. EDIT, 


CASE 


8 


en 
\ 
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Phi. Pray obſerve carefully the Rules and Examples, 


and Idare ſay you will work any of them directly after me. 


CAs R 9. 


To find the Value of a Fraction in Money, Weight, or 
# 4 Meaſure. ” | 8 


The Rule is, 


Multiply the Numerator by the Parts contained in 
the Integer to which it belongs, always obſerving to 
begin with that Part neareſt related to the Integer; then 
divide by the Denominator, and if any Thing remains, 
multiply it by the next greateſt Part neareſt related to 
the Integer, and divide again by the Denominator. 
Thus proceed till you can reduce it no lower for Want 
of Parts in the Integer, and the Work is done. 
| 5 05 I muſt beg one Example at large. | 

hi. You ſhall, and you will need no more to under- 


ſand the Caſe. 


| ExXAMPLE r. 
I dat is the Value of 54 of a L. Sterling? 

' Firſt, in Order to find the Value of this Fraction, I 
conſider the next neareſt Part related to a C. and I find 
it to be Shillings. Now becauſe:ao Shillings make a C. 
I multiply the Numerator 3 by 20, and it is 60, which I 


divide by the Denominator zz, and have one in the 
Quotient, which is. 1 Shilling, and 28 remains; this 


I call 32 of a Shilling. Now as 12 Pence make a 


Shilling, multiply 28 the Numerator by 12, and it 
makes 336, which I divide alſo by the Denominator 32, 
and the Quotient is 10, which is 10 Pence, and 16 re- 
mains; this | call 33 of a Penny: then as 4 Farthings 
make a Penny, I multiply the Numerator 16 by 4, 
and it is 64, which I divide again by the Denominator 
32, and the Quotient is 2 Farthings. So that J find 32 
of a C. to be 1s. 10d. 2. See the Work. | | 
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785 42 
* . 
32) 64 (2 gre- 
64 + 
N 1 5 
Anſ. 15, 10d. 2. 


EXAMPLE 2. 


; bat is the 27 + of a Meidore 5 


4 
27 


25) 108 (45. 
3 2 


— — 
- 


12 
— 45 45. . 23. 

25) 96 (34. S 

„ 


121 
4 


25) 84 (3 78. 
75 


9 | Queſtions 


ns 


- multiplying by the 


'Voroar PI Ie. 28 


. Queſtions to be tried. 

. What's the Va- + 
lus of 4afia Cwt? AU. gre 915. 5 oz. 5 drs. the 
What's the , FFF . 
tou Ter; . 4, 146 d. 5 5. gums 36]: lf 

N t To find the Value another Way. 

Suppoſe I wanted to know the 24 of a G. or the r of a 
Moidore. „ . 

This is done only by abbreviating the Numerator, 
and bringing it down to Unity, then will the Fraction 
be ++ of a /. then multiply the Value by the Nume- 
rator, and you have its true Value. | | 


Firſt, What is the 55 of a V. Sterling? 
I éabbreviate the Numerator to Unity or 1, and 


_ conſidering what 12 of a /. is, I find it to be 15. 8d. 
this I multiply by 5 the Numerator, and it makes 8s. 4d. 


which is the Value of 55 of a £. Sterling. Again, 


What is the g of Moidore. 


 T conſider that +} of a Moidore is 1s. 64. then by 
Numerator 7, I have 108. 64. which 
is the Value of +7 of a Moidore. 
N. B. I told you in Dial. the 24, Obſerv. 1, that the 
Value of every proper Fraction was leſs than an Integer 
or Unity, and that the Value of an improper Fraction 
was more. (Obſerv. 2.) To prove which let us take 
any two Fradtions, one proper, and the other improper, 
1 ſee what their Value is in Relation to a Z Ster- 
ing. | 


ke EXAMPLE 


Suppoſe the proper Fraction to be 52 of a V. 


I find +5 of a C. to be rs. 8d. therefore 22 is 9 Times 
15. 8d. = 155. Now 7 . wants 5s. of the whole Inte- 
ger or 17,. therefore the proper Frafion +2 is leſs in 

alue than the whole Integer or Unity, by 5 Shillings. 


Now contrary to this, an OE Fraction's Value is 


more 
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more than the Integer itſelf ; and its Value is greater or 
leſs according to the Largeneſs of its Numerator, 


| "EXAMPLE 2. | 
What is the 55 of a L. Sterling? 
This being an improper Fraction, I divide the Nume- 
frator 25 by the Denominator 4, and it gives 6 Whole 
Integers, or 6 C. now as one remains over, it is Z of a ,. 
which is 5s. Sol find of aL. to be 6/. 5s. 0 
you e it, Tyrunculus ? Ta 
Tyr. Had you only ſaid it I might have been at a Loſs; 
but you have demonſtrated it ſo plainly, that I muſt be 
quite dull of Apprehenſion not to ſee the Nature of it. 
Phi. I am glad you underſtand me; and pray do you 
think you underſtand all the 9 Caſes in Reduction fo as 
to work them now off Hand; for if you do not (ne leaſt 
all but the 8th, that being not ſo much wanted) I freely 
tell you that you will be at a great Loſs; for the next 
four Rules depend wholly upon a true Knowledge of 
Reduction. _ 
Tyr. You do well, Ph:ilomathes, to take ſuch Care of 
me, and I hope every Learner will take your Advice; 
but for my own Part, I can ſafely ſay I underſtand Re- 


duction quite perfectly. a 
Phi. Well, if fo, we will proceed directly to Addition, 


D I A- 
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_ Of Appririox, SUBTRACTION, MULTIPLICATION, 
and Divislon of VULGAR FRACTIONS.” 
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Of ADDITION of VuLcar FRACTIONS. 


Tyr. H OW is Addition of Fractions performed? 

a Phi. By this one general Rule, viz. all 
compound Fractions mult firſt be reduced to /ample ones, 
and all Fractions to a common Denominator, (by Caſe 
the 6th and 7th of Redutiom;) then add all the Nume- 


rators together as in common Addition, and place their 


Sum over the common Denominator ; and if it be an 
improper Fraction, reduce it to a mixt Number (by 
Cafe 2. in Reduction) and you have the Sum of all the 
Fractions. 1 | | 
EXAMPLE I. 
Add 2, , and + together, 

Here becauſe the Fractions have all one common De- 
nominator, I only add the Numerators 2, 1, and 4 to- 
gether, and their Sum is 7, which I place over the 
common Denominator 5, and the Sum is 4, an im- 
proper Fraftion, equal to 1 3 Anſ. | | 

Ex AM 
Add 79 4 IF and 22 together, 
| : Anſ. $$ = 2 5+, 74 | 
yr. This is mighty eaſy; the Rule is ſo plain one 
cannot well miſs. Ci iced ESP 
Phi, Now I will ſet you a Queſtion, Tyrunculus 2 
oe „ EXAMPLE 
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ExXAMPLE z. 


Add 5, 2, 3, and 8 together. 

Tyr. I am afraid you have puzzled me; but ſtay a 
little, let me find it out myſelf—I ſee how it muſt be 
done, I muſt reduce the Fragtions firſt te a common De- 
nominator, and then add the Numerators together as 
you have done above. Muſt I not? | 

Phi. You have it, | perceive. 

Tyr. Firſt then, to reduce the Fractions to a common 
Denominator, NW 


/ 


35 25 Þ and +4. 

T:imultiply 3 Xx 2 M 4 x 6 = 144. C. D. Then 2 
X 2 XK 4 2 96 N. N. Then * 4X 4 * 6 = 
72 N. N. Again, 3X2 * 3 * 6 = 108. N. N. Laſt- 
ly, 5 X 4 * 2 X 3 120 N. N. So that 1 find the new 
Numerators are as follows: | 2 
| N. Numerators. 


neu. 


mon Denominator 144, ſtands thus 4325 ; this by Caſe 
the 2d, in Reduction, = 2 124, that is 23, the Sum of 
3 2 4 and 8. ü n N 

Phi. It is quite right, Tyrunculus, you ſee what it is 
to mind the Rules given for Inſtruction z you will do 
that already which will coſt a careleſs Reader ten 
{how py the Trouble. Come, I'll try you with ano- 
ther. | | | 

Tyr. With all my Heart. 


EXAMPLE 4. 


Phi. AddZof £ of 3 and £ of 5. together. 1 
Tyr. Let me ſee: I muſt firſt (by Caſe 6. of Reduc- 
tion) reduce the compound to ſimple Fractions, and then 
the Fractions to a common Denominator, and proceed 


$5 
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as before. Firſt then I multiply all the Numerators 
together, viz. 2 X 4 * 3 = 24 N. N. Then 4 * 5 
* 4 = 80 N. D. So is 38 2 of; of 3. Then the 
other compound Fraction, viz, 4 of ; reduced, is 48. 
So the two ſimple Fractions to be added are 328 and 28. *˙ 
Theſe I reduce to a common Denominator, as in Exam- 
ple 3, and find them to be 4453 and 4528. Then have I 
nothing to do but add the Numerators together, and 
their Sum is 2752, which I place over the common 
Denominator thus, 4253, and this I apprehend to be 
the Sum of 4 of of à and g of 3. Is it fo or not? 

' Phi: It is, and I am proud to ſee you fo well ground- 
ed in the Rules of Reduction: However, I think I 


can poſe you the very next Queſtion. Will you try 


at it? | 


Tyr. To be ſure I will; for I imagine you will ſhew 


me if I cannot do it? | 
Phi, You need not doubt—Come then. 


55 EXAMPLE 5. 
Add 4 C. 3, 71l. of 1 and 12 together. 


r ͤů—ä 


Jr. — | 
Phi. I thought I ſhould puzzle you; however, be 
not diſcouraged. | | | 


*The Fractiůon 24 in its loweſt Terms, is — 5; and 2210 


. Theſe two /irple Fractions, 3; and , when they are 


io 

reduced to a common Denominator, will become , and g; And 

their Sum will be 25; and if 2 be reduced to its loweſt Terms, 

it will be £3, which is the Sum of 2 of 4 of 3, and + of 5, It 

may now be ſatis factory to the Learner to ſee, that 43 is of equal 
Value with 2752; and here he has no more to do than re- 

| duce 4752 to its loweſt Terms, by the common Meaſure 64, and it 

will become 43, | | | 

The Learner ſhould further obſerve, that 2 is 2 and £18 = 

3., The Problem will then be, Add 4 of 4 of 3, and 4 Y 5 together. 

1 ; DIT. 
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_ Tyr. There is nothing that puzzles me but the laſt 
Fractian 12, for I am not certain whether it belongs to 
the compound Faction that ſtands before it, or whether 
it be a ſeparate Fraction by itſelf. 


Phi. It cannot belong to the compound Fraction, be- 
cauſe the Word of is not between them. There are 
two Ways to do this and ſuch like Queſtions ; but the 
ſecond is the ſhorteſt and eaſieſt Method in my Opinion. 
I ſhall therefore only tell you the Way to work it, and 
leave you to try it by yourſelf at large.“ Obſerve then, 


Reduce the compeund Fraction ; of 45 to a fimple one, 
which is 28. Then will the Sum be thus, Add 4 L. 3, 
7 L. 15 and 14 together. Now by reducing the mixt 
Numbers 4 3 and 7 5% into improper Fractiaus, I have 
2% and iz. Then may the Sum be read thus; add 


22, IA and 54 together. Theſe Fractions I reduce to 


a common Denominator (as in Example 3.) and find 
them to be £233, 5335 and 328, Theſe Numerators 
added together, and divided by the common Denomina- 
tor 720, give 12 in the Quotient, and 408 remaining. 
So is the Anſwer, 12 C. 428 = 12 JC. 115. 4d, 


METHOD 2. — 


The ſecond Way is certainly the beſt, becauſe you 
have no Buſineſs to meddle with the whole Numbers, 
but only with the Fractions, and then add their Sum 

to the whole Numbers afterwards. 


— 


* Tt is ſuppoſed, that the Learner by this Time knows how to re- 
duce mixed Numbers to inproper Fractions, and 0 Fractions 
to /imple ones, having had Io many Examples ef both Kinds. 


The 


Vourcan Faacrtonss 3L 


The Fractions are 3, J of 3 and 14. Nowa of 3 = 
15. Therefore add 3, , and 14 together. NE 

T heſe Fractions reduced to a common Denominator 
will be 328, 353 and 393, Theſe Numerators added 
together, and divided by the common Denominator 
720, give I Whole Number in the Quotient, and 408 
remains. So is the Sum of the Frachons only 1 Toy 
which I add to the whole Numbers as follows, an 
have the fame Anfwer as above. . | '*R 

I =O Add 4 FL. 

8 


Anſ. 12 983 as before = 12 C. 116. 4d. 


Tyr. This Way is the beſt, I ſee; becauſe if the whole 
Numbers confift of many Places of Figures, then by 
the firſt Method in reducing them to improper Fraction 

there will be a great many Figures, aad a great deal e 
Work to reduce them to a common Denominator af- 
terwards ; whereas, if the whole Numbers be ever ſo 
Jarge, it makes no Alteration in this ſecond Way of 
oing it. | | : 


Phi. Your Notion is right, Tyrunculus; and I 


think you will ſoon learn to ſubtract, you are fo perfect 
in Addition. 
Tyr. I will do the beſt I can. : 

Phi. Well, Tyrunculus, who can defire any fur- 
ther? You have done well hitherto, and I hope will 
continue it. We will proceed then to | 


& 6 8 "BIT | 
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and 423 = 38.— Err. 
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en 
V SUBTRACTION of Vuucar F RACTIONS, 


Br. F HAVE heard that Sabtraction is the hardeſt 
Rule in Fra&tons. | „ 
Pbi. It is counted fo by moſt Learners; however, he 
that underſtands Reduction well, may ſoon do it, as you 
will preſently find. | : | 
Tyr. Pray how is it performed ? | 
hi, The very ſame as Addition, ſave only you are 
to ſubtract inſtead of adding, according to the Nature 
of the Queſtion; but the Rule is the ſame, For all 
compound Fractions muſt be reduced to ſimple ones, and 
then all to a common Denominator; after Which only 
take the Numerator of the Fraction to be ſubtracted, 
out of the Numerator of the other Fraction, and you 
— N Difference or Anſwer as in common Sub- 
traction. | | | 


. | Of EE „ 
From 32 Frem 35 From 142 
Take 32 Take 75 Take +22 

au. Aſk Aw 
Proof. 32 Proef. 1 - | Proofs 1s 


Here in theſe three Examples, becauſe the Frans 
have a common Denominator, I only ſubtract the Nu- 
merators as in common Subtræction, and place the Dif- 
ference over the common Denominator for an Anſwer. 
I prove the Work alſo as in common Subtraction; for [ 
add the Numerator of the Difference to the Numera- 
tor of the leſs Fraction, which if the Work be right, 
will be equal to the Numerator of the greater Fraction. 

Tyr. I think this is more diverting than Addition, 
Now let me aſk you a Queſtion or two if you pleaſe. 


EXAMPLE 
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EXAMPLE 4- 
From I take 21. 


Phi. Firſt, T reduce the Fractions to a common De- 
nominator, and find them 423 and +42, then I ſubtract 
the Numerator 60 from the Numerator 143, and there 
remains 83 ; which placed over the common Denomi- 
nator 165, gives 284 for the Difference. 


EXAMPLE 5. 
From 4 of + take 5 of 3. 


That is, from 75 * take ++. Theſe reduce to a 
common Denominator, it will be, from 433 take 18 | 


Now theſe are prepared for Work; therefore by ſub- 


the Difference between £ of Z and 3 of 3. | 
Tyr. There can be nothin eafier than theſe Exam- 
ples; he that underſtands Addition cannot miſs Sub- 
traction indeed. But ſtill I have taken Notice of one 
Thing, which perhaps if I mention you will laugh 
at me. 55 | F x -. 
Phi. Why ſhould you think fo; that would be 
highly baſe in me, when TI have before deſired you to 
aſk me any Thing that you are doubtful of; therefore 
pray let's hear it, it may perhaps be of more Service 
than you are aware of ? „ e 
Hr. It is this then: In all the foregoing Examples 
J perceive that the Numerator of the Fra#1on to be 
ſubtracted is leſs than the Numerator of the Fran 
vou ſubtract from, which makes all the Examples quite 


tracting 96 from 420, I have 324 remaining. 80 is 378 


eaſy: But ſuppoſe the Numerator of the Fraction to be 


ſubtracted be larger than the other Fraction, where can 

8 it out of then, and how mult I proceed in ſuch a 
ate ! 5 1 | | 
Phi. You were afraid I ſhould laugh at you, but I 

aſſure you it is a very material Queſtion, for this is the 


* 25 55 = 5 : and conſequently the reſt of the Work may be 
ſhortened. The Anſwer is 2; which is = 334, —F pr, 
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moſt difficult Part of Subtraction that Learners meet 
with. The Rule then is this: ET 

N. B. When the Numerator of the lower Fraction 
(that is, the Fraction to be ſubtracted) is larger than the 
Fradtion you ſubtract from, then take the ſaid Nu- 
merator out of the common Denominator, and to that 
Difference add the top, or leſs Numerator, ſo fhall this 
be anew Numerator to be placed over the common De- 
nominator, and you muſt carry one for borrowing out 
of the common Denominator, as you do when you bor- 
row in common Subtraction, when the lower Figure is 
larger than the top one. | 

yr. This is quite plain, and eaſy enough to be per- 
formed, I ſhould think. . 3 
Phi. Eaſy; can a Thing be hard, when the Rule 

laid down to work it by tells you how to proceed in 
every Reſpect? However, I will try you with a 
Queſtion. | FS. | Ks 
; ExXAMPLE 6. 
From 24 L. 18 take 19 L. 18 


Tyr. I try to ſubtract the Numerator 6 from the 
Numerator 5, but cannot; therefore by the Rule I 
take 6 out of the common Denominator 10, and there 
remains 4, to which I add the leſs Numerator 5, and 
that makes 9, which I place over the common Denomi- 
nator 10, and it is 18. Then becauſe I borrowed out 
of the common Denominator 10, I carry 1 to the 
whole Number 19, and it makes 20, which I ſubtract 
from 24, and there remains 4. So is the Difference 
Ar ne... 0 | 


ExXAMP. 7. 
From 24 * From 419 28 
A ems. 
Proved as in Ex. 1. 2455 Proof. 419 42 


Phi. 
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Phi. A Proof of EXAMPLE 6. by common SubtraQtion, | 


£5 3 
From 24 155 that is, 24. 10, by Caſe 9. of Redudion. 
Take 19 T6, that is, 19. 12 


Anſ. 4 53, that is, 4.18 Difference. op 


| SECS — — —— 


Proof 24 105 that is, 24. 10 


Tyr. T his is pretty to ſee the Proof « of one Rule of 
Arithmetic by another. 


Phi. You may prove any of the Co Rules in Frac- , 


tions. by common Arithmetic as well as this; for they 
will come exactly alike if you proceed in a right Man- 
ner. Well, Zyrunculus, you ſeem to me to be qualified 
for Multi 2 but I have a Fancy to try you with 
one Queſtion. more, which will make you Maſter of 
Subtraction. 


| EXAMPLE 8, 


Iz; ; what 1s Jt due to A? 
Tyr. J proceed thus: 


A lent B 240 þ.. 5 2 of 3 of 41nd B pid him 176 1 of 


240 C. of of 5; and B 176K. 5 of 35. Now 


201 2 of 5 = 432; * and 3 of J 2 $4, T hen 342 
and 45, reduced to a common Denominator, will be 
e and 122375, Thus are the Fractions * 
and will ſtand thus: L. 

A lent B 240 2438 


B paid him 176 22478 Then by Ex. 6. 


43 find the balance 63 27238; which (by Caſe 9 
Reduction) is 63. 88. gd. 2. 2368 

Phi. I muſt needs ſay it is a Pleaſure to me to inſtruct 
you, Tyrunculus. I have but one Thing more to ob- 
ſerve to you, and then we will go to Wann | 


is = 7; and therefore the reſt of this Operation may be 
fhoriened.,——EDIT. 


C-H Note. 
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Note. When you are to add or ſubtra& the Fraction 
of a Farthing or a Penny from the Fraction of a C. or 
Guinea, &c. then (by Caſe the 8th, in Reduction) 


reduce the Fraction of the one, and make it equivalent 


to the Fradtion of the other, and add or ſubtract as the 


Queſtion requires, you have the Anſwer. And thus 


much for Subtraction. 


—— 


A 


er, 
MULTIPLICATION of VULGAR FRACTIONS. 


Tyr. OW is Multiplication of Fractions per- 
| formed ? | h 
Phi. As in common Arithmetic, ſo alſo here are two 
Parts or Factors given, viz. the Multiplicand and Mul- 
tiplier. When therefore you have reduced the mixt 
Numbers to improper Fractions, and the compound to 
fimple Fraftions, the Rule is, multiply the two Nume- 
rators together for a new Numerator, and the Denomi- 
nators together for a new Denominator, and you have 
the Product or Anſwer; which, if it be an mproper 
| e pak reduce to a mixt Number, and the Work is 
done. 


EXAMPLE I. 
Multiply + by 3. 
Anſ. 58 = + 5 
EXAMPLE, 2. 
Multiply 47 by 1. 


Here 42 X 24 = 1008 N. N. and 56 x 38 = 2128 
N. D. Anſ. 2728. ; 

Tyr. Nothing is eaſier than this indeed. Pray try 
me with a few Queſtions ?_ | 

Phi. Iwill; and I am fully perſuaded that you will 


work moſt of them, if you rightly obſerve the Rule, 
| | which 


VurGarR FRACTIONS. 3y 


which pray look at once more, leſt you be not per- 
* W. 


Ex AMP I E 5 


| Mu'tiply 4255. by 28. 
Tyr. Firſt 4765 K 14 = 667K for N. N. and 9 * 
29 = 261 N. D. Anſ. EE = 255 554. | 
Phi. You are very right. 


EXAMPLE 4. 
Multiply 4 of 5 by 3 of $. _ 570 


Tyr. Firſt 5 of £ = 283 and Z of 3 43. therefore 
1 G 8 #3 by 5 ** and the Anſwer is 1930: Now 


I'll aſk you one, if you pleaſe. * 
Phi. Prov do. 


EXAMPLE 5. 


Tyr. Multiply 41 L. + by 12 C. 4. 

Phi. Theſe being mixt Numb they are equal to im- 

E Fractions, that is 41 + = 222 ; and 12 3 = ; that 

and 53. Now 209 * 51 = 106593 and 5 X 4= 

985 Fi that the Anfuer is 1428 12 75 reduced to a 
mixt Number, is 532 33; that is 5324 425 

Tyr, Now 1 think I can do any Que ion in this 


Rule. 
Phi. Perhaps ſo; but it runs in my Head that I can 


puzzle you in one of the two next Examples. 


Ea nn 
Maltiphy 14 L. + of 5, by 9 L. 3-of N. 


Thr. 1 er I can do this. Firſt, 4 of + = 35, viz. 


„ and$of $5 = = 55> Viz. = 5, Therefore I mul- 
tiply 14 £2 bs 9 Tie Theſe reduced to improper Frac- 
tions will ſtand thus; multiply -=Z by d. 22. Now 117 


* 19 = 2223 N. N. and % Di.. that is 
2232 An. = 138 45 = 1384. 18s. gd. 

Phi. Very well done; and the better bans you whe 
breviated the Fradtion $5 and 27; for which you will 
ſee the Reaſon given in the Mes 


hod of Abbreviations, 
Dialogue 
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 Dialigue 4. Sect. 2. Now for the ſecond Queſtion, Y- 


runculus. 
EXAMPLE 7. 


Multiply 14 L. $ by 13 L. 

Tyr. Let me ſee 14 b. & by 13 £.—Why here is but 
0 given. I believe you have ſet me now in- 
deed. | | 

Phi. It was but this Inſtant that you ſaid, you be- 
lieved you could do any Sum in the Rule. Why don't 
you make a Fraction of the whole Number 13? 

Hr. I muſt know how firſt, 55 | 
' Phi. O for Shame, don't you know, ſo plainly as 
I told you in Dial. 2. Obſerv. 4. Pray don't forget 
your former Inſtruckions, and then blame me; I thought 
this would put you to a Nonplus: However it is the 
firſt great Error you have committed, ſo we will paſs it 
by ; but pray be more careful for the future. t told 
you, to make a Fraction of a whole Number, is only 
putting Unity under it. Thus 13 is LH. 

Tyr. | bluſh to think I ſhould be ſo remiſs. How- 
ever, pardon me, I know now eaſily how to perform it: 
For 145 = 235; and 13 = 23; therefore by multiply- 
ing £53 by , I have g = 1893; that is, 189 /. 
45. 5d. 19. 3 or g of a Farthing An/. AE 
| Ph; Very right, Tyrunculus; and now I ſhall make 
ſome Obſervations, which though already known to 
ſuch as are well verſed in Vulgar Fractions, yet, as they 
are not taken Notice of by any Author I am acquaint- 
ed with, it may be ſerviceable to you and others. 


Ner 


When one proper Fraction is multiplied by another, 
the Product will be a proper Fraction; therefore the 
Anſwer is leſs than Unity. It will be alſo leſs than 
Unity when one compound Fraction is multiplied by 
another, provided they be compounded of proper Prac- 
tions. (See Obſerv. 1. Dial. 2.) Thus in Example 1. 
where + is multiplied by 4, the Anſwer is but 2; that 
is, + of a L. multiplied by £ of a C. is but of a L. or 
10 Shillings. | | ET 5 
| NorE 


WE: WE." 
* 


juſt four Times more than it was before. 


0 Go 
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NoOorE 2. 


Contrary to this, one improper Fraction multiplied by 
another is more than Unity. Thus if you take the 
Fractions in Erample 1. and invert them, it will be 5 
of a L. multiplied by ; of a J. and the Anſwer will be 
42 = 2 Integers, or 2 4. So that the Product now is 


OE. a} 5 
W hen a proper Fraction is to be multiplied by or with 


an improper Fraction, the Product will be ſometimes a 


proper, and ſometimes an improper Fradtion. Thus 3 
multiplied by I produces the proper Fraction ; but 3 


' multiplied by 5 gives #5, an improper Fraction, for the 


Anſwer. a 
NOF E 4. 

When the Numerator of one Fradtion is equal to 
the Denominator of the other, and the Denominator of 
it equal to the Numerator of the other, then will their 
Product be Unity or 1. Thus 5 muliplied by 2, the 
Predu is 35 = 1. (See Dial. 2. Obſerv. 3.) Soalfo 


IT of a . into of a C. =4jF=14 _ | 
Tyr. Theſe Obſervations are of great Service to 


pong any one in the right Notion of Adultiphcation. 


ut pray is there no Method to prove this Rule? 
Phi. Certainly there is; and this is the Beauty of 
Arithmetic, that it admits of the Proof of itſelf divers 
Ways by divers Rules. For Inſtance, Suppoſe 25 of a 
L. were multiplied by 2+ of a C. the Anſwer is 435 = 


— 


PR OO y. Fs i 5 
Now f = 2 and * = , and 4 Xx 5 = 20 L. as 
above, c. Sc. SW. $ OT 


Tyr. I am highly obliged to ou, Philomathes, for your 


Care in giving me ſo many Examples. Pray is there 
any Thing more worthy my Notice, or neceſſary to be 


known in Multiplication ® 
1 Phi. 


= — : ̃]7˙2— OE II EP IIA ] 
* : 


DIVISTLION of 


Phi. Nothing: [I have indeed been more particular 
already than I intended; therefore I ſhall paſs directly 
to Diviſion. | 


— 


„ 
Of DiIvis io of VULGAR FRACTIONS. 


= H OW do you divide one Fraction by ano- 
ther! | 
. 


Phi. After having reduced all mixt Numbers and 
compound Fractions as before directed, to ſimple or im- 
proper Fractions, the Rule is, Multiply the Numerator 
of the Fraction to be divided into the Denominator of 
the Fraction you divide by, and place their Product for a 


new Numerator; then multiply the Denominator of 


the Dividend into the Numerator of the Diviſor for a 
new Denominator, which place under the new Nume- 
rator for an Anſwer. Or, 


R v L. E 3 


If you invert the Diviſor, that is, turn it into con- 


trary Order, by ſetting the Numerator underneath, 
and the Denominator over it; them multiply the Nu- 
merators and Denominators together, as in Multiplica- 
tion, and you have the fame Anſwer as above. 


EXAMPLE I. by RuLE 1. 
Divide : by 1. Anſ. 5. 
Same EXAMPLE by RuLs 2. 75 
Multiply & by 2. Anſ. #4. 
irn 2. by RULE 1, 


„5 4  <e- CES — - | 
Divide — by Tx · Anf. 4 — 2 Fe- 
- - Same 
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Same EXAMPLE by RULE 2. 
Multiphy g by . Anſ. It as before. 


Tyr. I like the ſecond as well as the firſt Way. 
Phi. Uſe which you pleaſe, provided you are but 
rfect in either. There is no Occaſion for any more 
xamples, ſeeing that you have a Rule both for /imple 
and compound Fractions. However, I'll give you an 
Example ar two more by Way of Exerciſe, 15 


0 EXAMPLE 3. 5 ä 
Divide 41 L. 3 by 6 L. 5; that is, divide r by A. | 
Anſ. Ag? = 6L. 2; that is 6 C. 55.-7d. 84. And 


after the ſame Manner for compound Fractions. 
Tyr. I underſtand you quite well. Pray is there 
ng Thing elſe to be obſerved in Diviſian? 
hi. I ſhall make a few Remarks upon the Rule it- 
ſelf, which may be of Service. 7 


NorTE I. 


When an improper Fra gion, having Unity for its 
Denominator, is to be divided by a proper Fraction, 
Vvhoſe Numerator is alſo Unity, he uotient will al- 
ways be an improper Fradiin, having Unity for its De- 
nominator, and therefore conſequently equal to a whole 
Number. : IP 8 1 


Nor E 2. 


When the Denominators or Numerators are not 
Unity, the Quotient will ſometimes be an improper, and 
ſometimes a proper Fradtion. : \ 


NoTE ;. 


From hence it is eaſy to perceive, that Divi/ion of Frac- 
tions will anſwer the ſame End as common Multiplica- 
tion That is. a leſs Number may be brought into 
greater by this Diviſion, contrary to common Diviſion, 
; | VZ. 
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viz, Moidores, Guineas, or Pounds Sterling into Pence 
and Farthings ; or Hundred-Weight into Pounds and 
Ounces, Sc. „ 
Tyr. What do you ſay, Pounds may be brought into 
Pence and Farthings by Diviſion? I thought Diviſion 
had made any Number 40 and not more / 1 
Phi. It is true, it does ſo in common Diviſion, 
but it is quite contrary in Julgar Fractions; for here, 
more is brought into 4% by Multiplication, and leſs into 
more by Diviſion. 5 
Tyr. I ſhould be glad to ſee an Example of this Sort if 
you pleaſe; for I have heard ſome great Pretenders to 
Arithmetic ſay it cannot be done, tis contrary to Reaſon. 


Phi. Pleaſe then to propoſe a Queſtion yourſelf ? 


EXAMPLE 4. 


Tyr. It is required to bring 30 Moidores into Farthings 
| by Diviſton on:y ? LS, 


Phi. And cannot you do it, think you ? 
5 -——W hy really at preſent I am at a Loſs. 
hi. Lay be pleaſed to read over Note 1. in Multipli- 
cation and Diviſion, for it is only for want of being per- 
fect in them, and truly underſtanding the Nature of dif- 


. 


ferent Fradtions. 
EO Obſerve then, 


As one Part of the given Queſtion is Farthings, and 
the other Moidores, 1 reduce (by Caſe 8. in Reduction) 
a Farthing to the Fraction of a Moidore, which Fraction 
I make a Diviſor; and the whole Number 30 I make a 
Fratiton of alſo for a Dividend; ſo will the Quotient be 
=_ her 2 0 ere the Work, 3 

y Caſe 50 eduction of r of SS on Of 
Moidore for a Diviſor ; and 30 will be Eq, Now 22 
— Tis = 3332; that is, 38880 Farthings. Do you 
underſtand. it ? | : 

Tyr. Yes, quite well; I could not have thought it 
had been ſo eaſy: But pray what does this Mark = 


ſignify ? : 
Phi. 


— 
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: What > Phi. It is the Sign of Divijen, and ſhews, 

| 1 | ers that the Number before it is to be divided by 
5 Les. the Number after it. WE: 

) Tyr, Very well, Pray try me with a Queſtion of 

; this Sort? . | 

| | | EXAMPLE 5. | 

. Phi. It is required to bring 84 Guineas into Farthings by 


Diviſion only ? 


Tyr. I find (by Caſe 6. of Reduction) a Farthing to 
be equal to rot of a Guinea, Then r = rovh = 
84672 Farthings An/. th 3 5 

hi. Very right, and pray remember, that the 
fame is to be done by Decimal Fractions, by finding the 
Decimal of a Farthing at a Moidore or Guinea the In- 
teger, and dividing the whele Number thereby you will 
have the ſame Anſwer. | 8 755 
From hence will naturally ariſe the ſelf-evident 
Truth of | | FER 


Nor E 4. 


That when any whole Number is divided by a proper 
Fraction, the Quotient will be ſo much larger than the 
Dividend as the Diviſor is leſs than Unity; but when 
a proper Fraction is divided by a while Number, the Quo- 
tient will be ſo many Times leſs than the Dividend as 
the Diviſor exceeds Unity; thus 5 divided by + is equal 
to 20; but . 5 = but 4. „ 5 

And thus, Tyrunculus, having finiſhed theſe four 
Rules with Variety of Examples, I ſhall now exerciſe 
you in them with ſome practical Queſtions in the Rule 
of Proportion; which, if duly obſerved, will make you 
a complete Maſter of Fulgar Fractions. | 


DI A- 


MG The RULE of Wan 

ee k r eh. 

DIALOGUE IV, 
SECT: I. 


The RULE of THREE, in VULGAR FRACTIONS. 


Tyr. I AM proud to think I am got thus far, and 
4 yet I almoſt dread the Queſtions you are 
going to ſet me. | | FE 

Pbi. If you be perfect in the foregoing Rules, you 
have no Reaſon to fear this at all; for it is nothing elſe 
but putting the others in Practice. | 4 | 

Tyr. Is not the Rule of I hree of Fradtions wrought 
in the ſame Manner as the common Rule of Three 
Direct. 

Phi. The very ſame, due Regard being had to the 
Fractions. There are two Methods, the ſecond of 
which is (in general) the readieſt and eaſieſt; but you 
may take your Choice. | * 


"Ruin 4 


Having reduced all compound to ſimple Fractions, and 
all mixt Numbers to N . Fractions, then ſtate your 
Queſtion by making the firſt and third Number of one 
Name or Denomination; this done, Multiph) your ſecond 
Number by your third, and divide by your fir/t, and you 
have the Anſwer. Or, 


RuLE 2. 


Having reduced the Frans, and placed the Num- 
bers in Order as before directed, Multiply the Denomi- 
wator of your firſt Number into the Numerators of the ſe- 
cond and third for a new Numerator ; then multiply the 
Numerator of the firſt Fraction or Number into the De- 

| | nominator 


a 
T 
e 
4 
I 
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nominator of the ſecond and third, for a new Denominator, 
which place under the new Numerator for an Anſwer. 


EXAMPLE I. 


Tf + of a Yard coſt 5 of a L. what oft 25x Yards, 


NE rs | 288. 


* 


into the Numerators of the ſecond and third (viz er | 


en I 


n 
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EXAMPLE 1 58 . 


i a PER of Wheat coſt 74: It, what coſt one 
Buſbel? 
Tyr. A Load being 40 Bufhels, I fate it thus : 


If 42 —L. 734 —+ 


| 24 Now AA X + = 23+; this 
— 49 = © 352 5 a C. which reduced, the Value of it is 
35. 99. 3 + An 


SECOND WAV. 


Firſt I reduce the mixt Number 7 i to an improper 
Fraction, and it is a, as above, then me N umbers 
will ſtand thus: 


1 — 4 "> 
Now 1 x 182 X 1 = 182 N. N. and 40 X 24 * 12 
960 N. D. do is the Anſwer 368 = 35. 9d. 5, as be- 
fore. | h 
Phi. Very well done, Tyrunculus. 


EXAMPLE 3. 


pat is the Intereſt of 219 L. 4 for a Year at 5 L. + 
per Cem? 


Tyr. Here I muſt crave your Aſſiſtance. 

Phi. You ſhall have it in Words at Length. 

Firft, If 222 ——— 5 4 —— 2194. My 2d and 
34 Terms being mixt Numbers, I reduce them to im- 
proper! Fra#tions, and they are 43 and £223, Now 43 
* 1 = 42214. this — the 17 Number £22 gives 
E733) which reduced to a mixt Number 1 is 114 258, 
Cc Try it at Lei- 
ſure by the ſecond Method. 


Tyr. I could not have thought Par Fractions had 


been ſo uſeful. 


Phi. 


—_ 


i, roo 


hel jk. 


it x 


- 
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Phi. Nothing more neceſſary than thefe and Decimal 
Fractions, for the ready finding the Intereſt or Value of 
any Thing, eſpecially when the Queſtions are not in 

| le Numbers, as you will fee by the Wn es, Ex- 
amples. 


Ex Amun 4- ob 


A Merchant makes an Aſſurance upon a Ship and Car, 
(bound ta a certain Part) valued at 4500 . 155. . 
agrees to 25 16 Guineas per cent, what comes the Pre- 
mium or Charge of the Aſſurance to? 


Firſt, 16 Guineas being 16 /. 165. this in Friction: is 
16 48 = 164; and 450. 15s. is 4500F: This and 
16 f reduced to improper Fractions will be I; and 42293, 
Then will the Number ftand thus hs 

If 182 — ;— . | 


Now be Rule 2. 1 * 84 * 18003 = 1512252 N. N. 
And 100 * 5 X 4 = 2000 N. D. So is 1595253 the 
3 which reduced to a mixt Number, you have 
4 74 88 eee 24. 6d. 88 on 288 


Examete aa 


A buys of. B Le 420 3; Stock, and gives L. 95 4 per Cent. 
| | what comes it to 52 


. Firſt, 4202 = 2% and 95 = = 429, 1 
Tf 67 2 nn 22. | 
Anſ. 60432903 = 402 C. 196. 11d. 2977, 189. 


The Proof 2 4 this is worthy your Obſervation, 

Tyrunculus, to ſhew you the Beauty of Fractions, which 
J inſert purely for your Satisfaction, to give you a juſt 
Idea of Things of this Nature. 


Prove another Wav. 


Firſt, C. 95+ per Cent. wants C. 4+ per Cent. of 
being Cent. Rr d. theveroes the 222 f may be 
| read thus: 

M bat 


4 2 
PFF 


n 


. 
n 


— 


är 


43 be Ruiz F Tuxex, 


M hat comes V. 420 x to, deducting L. 45 per Cent? 


Then, | 
Tf 222 — 45 420 EZ, 
Work as in the laſt, and you will have 25592 — 


17 L. 135. 4d. 19. 5438 Anſwer. Nov this added to the 
foregoing Sum 402L. 195. 11d. 2grs. 433 is equal to the 
original Stock propoſed, v:z.L. 420 4 = 420 / 135. 4d. 

Tyr. Indeed, Philomathes, this is delightful; pray 
continue your Examples. „ 

Phi. I am as ready to do it as you are to aſk ; but re- 
member, Tyrunculus, by Way of Digreſſion, e 
cut our Garment according to the Cloth: I have already 
given more Examples than I intended; but {til}, if you 
have any particular Queſtion to aſk me, I am ready to 
do any Thing that may be of Service. | 

Tyr. Sir, you are extremely kind to indulge me thus 
far; but what I have to add is this, That by what I 
have ſeen of this Rule, it muſt be very ſerviceable to 
tell the Nature or Proportion of Coins: Is it not? 
Phi. To be ſure it is, eſpecially when the different 
Sorts of Exchange with ſome other current Money is 
not altogether equal to our Pound Sterling. 

Tyr. [will alk you a Queſtion then. 


_ EXAMPLE 6. | 
A Merchant in Holland draws a Bill upon his Gorreſ- 
pondent in London for 4280 Ducatoons, at 65s. 3d. 3 
each; what muſt he receive in Pounds Sterling? 
If + ——— 6s. 3d. I ———— 4239, 


| Firſt, bring the ſecond Number into Pence, then 
multiply them by the Denominator 5, and take in the 
Numerator z, ſo will the Numbers be 4 . 


22% 
and 2. Now, by Rule 2. 1 * 378 x 4280 = 
eiiie N. N. Andi Xo == N. D. 80 is 
PORE the Anſwer is Pence, viz. 323568 = 1348L. 
. od. A 

Tyr. Pray prove the Work by whole Numbers? 
Phi. That is done very eaſily by Practice, or ſeveral 
other Ways. But for common Underſtanding, I 


know 
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know none better than this: Firſt, find the Value 


of 4280 Pieces, at 6s. 34. (that is, at 75d.) each, 
and it is 32 000d. Ther you have to find the Value 
of 4280 , at Fo 6 a Penny each; therefore 
by multiplying 4280 by 3, and dividing by 5, you 
have 2568 Pence, whick added to the other, will give 


you the Anſwer as fo lows: # | 


4230 Pieces at 45 == 321000 


* Ditto, at 34. =. 2568 
„ at 7524 2 3235680. = = 50 45. "ti 
ng bare. 3 1 4 


Tyr. Then I: am 4 al to "aaltivly: by. the Name- 
rator and divide by the Denominator in ſuch Caſes ; ; 
am I not? ee n a 

Phi. I know no after or ſhorter Www, 1 Mites 500. 

Tyr. It is eaſy enough indeed, as you ſay, and I am 

_ obliged to you for ſo plain a Demonſtration: Give me 
Leave to aſk you a Queſtion ſtarted the other Day in 
I} Company, and PI have done. It is this: 


A 11 


Denne Wes A 2 4 10 Fhen EPI 
BY rie 7. 8 2513 5 
A poor Man WOK leaves 20 > Shillings to 1 PI 2 
A, B, C, and D; 10 A he left. 3, to Bg, 10 C 2, 
And to D 3 5 With a particular Charge that the whole 
might faithfully be diſtributed among them ; it is de- 
5 manded what each Legacy amounts to. a 


Ps. 1 have not room to inſert the FER Work, but 


will plainly tell 185 the Method of doing any Fhing 


of this Sort. 
Firſt, I take the 2 2 7 „ , of 205. and adding the 
Parts together, I find the Sum but 19s. Sa that the 


* Thisandthe foregoing Examples were added by Deſire of a Friend. 
: D give? 


du 


BY * 2 5 — \ Y 
P.. CA as wa — 
N - 


Executor has is. in Hand, and the Will is not fulfilled. 
Then fay, if 195. give 3, (viz. 6s. 8d.) what will 20. 


8 


iu 
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give? Proceed thus with the reſt, and you will find the 


Anſwer to be as under: | 
/ 


. 
” Y - 


A's Share o 7 or 
B's 3 5 378 
— . Ap .. 
D's CONN © X 6 £3 


Sum 1 o 038 * 


Had he left the , 3, 2, and the + of 20s. it would 
amount to 255. 84. which you ſee is 5s. 8d. more than 
20s, Their Shares then of the 5s. 8d. are found as 
above, only now ſaying, If 25s. 8d. be 2os. what will 2 
ar: 208. he, & c.. tn n ae | 
Nate, By the ſame Method is found the particular 
Shares of every Creditor when a Man breaks or comes 
a Bankrupt; as alſo how much in the /. his Effects 
amount to. 2 ä 
yr. I return you hearty Thanks, Sir, for your 
Care, and do aſſure you that I underſtand the Nature of 
what I have ſeen very well. 5 1 
Phi. I am glad of it, Tyrunculus; but you will be 
more confirmed in the Knowledge of Fractions, and will 
know better how to apply them to Uſe, if I ſhew you 
fomething of the Nature of Abbreviations. 


* fas of this Sort, as they are commonly expreſſed, are but 
little better than Nonſenſe. For the Thing propoſed to be done, is 


| | 3 x& T- I. © $9.8 - : 
not to find the 3, , 5, and g, of 208. but to divide 208. into four 


Parts in Proportion to the Fractions 3, 2, 3 and 3. And if theſe 


. T5. 59 
be reduced to a common Denominator, in the loweſt Terms, they 


will become 38, 23, 53, and 38; and the Problem will be, To 
divide 208. into four Parts, in Proportion to the Numbers 20, 15, 12, 
and 10; which may be cafily done as below. | 


| ; 20 : 400 — 57 = 742+ A's ſhare, 
| 1 2 j 15 : 300 ＋ 57 5 332B's. 
* 1 1 10 want 240 ＋ 57 = 4 yy C's, 
1 90 19 ; 200 ＋ 57 = 36.5 D's. 
Sum 20 0 


Of ABBREVIATIONS. 


8 re. 
Of ABBREVIATIONS. 


Tyr. HAT is the Uſe of Abbreviations? 
| /Y Phi. The right underſtanding of Abbrevia- 
tions will mightily help to ſhorten the Work, and fave 
a Multiplicity of Figures ; beſides, without them it 
would be quite difficult to anſwer ſome Queſtions, at 
leaſt very tedious, as you'll fee by and oy + 
Tyr. What, would you have me firſt abbreviate the 
Fractions before I begin the Queſtion ? " 
Phi. To be ſure 1 would when they will allow of it ; 
for if you remember you did it yourſelf in Example 6, 
in Multiplication. 5 
Tyr. 1 believe I did ; however, let me have an Exam- 
ple or two, that I may the better underſtand it. 
Phi. You ſhall. | 


EXAMPLE, I. 
If +45 of a Load Coft 5% of a L. what caſt 1235? 


_ Firſt, 148 = 3, 179 = 4, and 35 =3. Therefore 
the Sum may be thus read : e Ties 


If 3 of a Load caſi ; of a ,. what oft 123 Loads ? 


Anſ. V. 8534 = 8L. 5s, Now is it not eaſier to work 
1 R 53 and à, than with the original Fractions 24, 472, 
and 381! 5 | 7 | 

Tyr. I ſee the Thing, it appears quite plain to me 
now; and 1 ſhall take Care to obſerve it. Is this all 
you have to ſay upon Abbreviations? | 

Phi. No; I have ſomething more to add, wherein 
vou will ſee the Beauty and Uſe of Abbreviations more 
plainly : Beſides, your Friend Diſcipulus deſired me to 
communicate it to you, as very few or none have taken 
Notice of it in their Writings. - | 

Tyr. Pray what is it ? Fs ; 

Fhi. It is, To know whether a Fraction, when abbre- 
vated, (or reduced to its loweſt Terms ) be equivalent in all 
Reſpects to the Original, or given Fraction. | 

5 „„ _ 


— 


ö 
i 


of the Nature of it, I find. Obſerve then, 


than you imagined. 
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Tyr. I know no Method of proving it, but by com- 
paring the Value of one with the Value of the other ; 


thus I find 24 of a C. is equal to 13s. 4d. and I find 2 of 


a C. to be the ſame; therefore I conclude that à is = 


I. It is right; but ſuppoſe you could neither ab- 
breviate a Fraction, nor yet find its Value, how then 
would you act? : 
Dir. That I do not know. 
Phi. Indeed, Tyrunculus, though you can work the 
Rule of Proportion pretty well, you are no great Judge 


py 


Firſt, As the Numerator of the Fraction, in its lowe/ 
Terms, is to its Denominator, ſo will the Numerator of the 
original or given Fraction be to its own Denominator: Or, 
as one Numerator to the other, ſo will one Denaminator be 


to the other. 5 


EXAMPLE 2. | 
To prove whether + be equal to +58 or 335 = 453458 
Firſt, as 3 to 5, ſo is 84 to 140: Or, as 3 to 84, ſo is 
5 to 140. Again, As 127 to 180, ſo is 30480 to 43200. 
Tyr. I am yet more obliged to you, Philomathes; for 
this muſt infallibly prove. what you have ſaid, ſure 


enough. | 
Phi, Since you are ſenftble of this, Tyrunculus, I 


will ſhew you another Way to prave it much ſhorter 


and eaſier than the former. 

Second, /Yhen you have reduced any Fraction to its 
loweſt Terms to prove whether it be right, multiply the Nu- 
merator of the original Fraction, by the Denominator of the 
abbreviated one; and the Denominator of the original, by 
the Numerator of the abbreviated one; and if the Þrodurh, 
are equal, your Work tis rightly performed. Thus, take 
the two Fractions above, viz. 5354 =3, For 3 & 140 
= 420, and 5 x 84 = 420, Again 3543 = 435: For, 
30480 X 180, and 43200 Xx 127 are both equal to 
54864co. = 

Tyr. This is ſhort and eaſy indeed! | 

Phi. 1 will now give you an Example or two to ſhew 
you that the Knowledge of Abbreviations is of more Uſe 


Ex AM- 


A and B are two Merchants, but of different Places ; A 
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EXAMPLE 4: 
owes B 46/.. 12s. od. Now loo. of A's current 
Money is equal to 140. of B's; what muſt A pay to re- 
mit the aforeſaid Debt? bs 5 


See the Work. 


PRI" >"; 


7)233=3=9 
| 33—6—3 

Tyr. This is ſhort indeed! | 
Phi. But you know the Reaſon (I hope) of my mul- 


tiplying and dividing by theſe Figures; do you not ? 


yr. Stay, let me conſider a little upon it, —— ſee 
the Reaſon now plain enough. They are in Proportion 


to each other as the current Money of the Places are, 


perceive; that is, 188 = 5; for as 5 to 7, ſo is 100 to 
140. Is not this the Reaſon? | 53.2 
_ Phi. Moſt certainly: For I can multiply and divide 


better by 5 and 7, than by 100 and 140; beſides, how 


much ſhorter is this, than to work it at Length by the 


| Rule of Three direct. So alſo, if 108L. of A's be equal 


to 45. of B's, then I multiply by 5, and divide by 12, 
becauſe 545 = , and the Anſwer will be 19%. 8s. 74.2. 
* you at it, ſuppoſing 105. of 4's be equal to 165 C. 
. 1 = 


- 


yr. I will, Sir, and I heartily thank you for this 
additional and uſeful Obfervation. n 
Phi. The Pains | have taken I ſhail count a Pleaſure, 
if you make but a good Improvement: And let me 
perſuade you not to meddle with Agebra till you are 


perfect in Fractions; for if you do, you will not be able 


to make a right Judgment of the Problems, much lefs 
know how to do them. If you think you underſtand 
what you have done, there remains but one Thing more 


before you enter upon Algebra, and that is, that you 


learn the Signs and Characters therein uſed. , 
e yr. 
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Tyr. You have ſhewn me ſome already. | 
Phi. I know it: But there are a great many more; 
therefore I ſhall write them down, and give you them 
Home, that you may learn them by-Heart before I ſee 
you again ; which, though I am always glad of, yet, 
upon this Occaſion, I neither deſire nor expect, till 
vou have learnt them ſo perfectly, as to know their 
eaning the Moment you ſee them. N 
Dr. You may depend upon it, Philomathes, in a 
ſhort Time: Where be they? | f 
Phi. Stay a little. Here, Tyrunculus, here they 
are, and I wiſh you well to learn them. FE 
Tyr. I heartily thank you, Philemathes, and am your 
Servant. LY 
Phi. I am yours, Tyrunculus. 


Py 


2— 


E 


An EXPLANATION of the PRINCIPAL SIGNS and 
CHARACTERS ſed in ALGEBRA. 1 


I. 6 Ye Character (+) is the Sign of Addition, and 
: ſignifies, that the Numbers or Quantities be- 
tween which it is placed, are to be added together in 
one Sum. Thus, 3 + 5 ſhews, that 3 and 5 are to be 
added together. It ſtands for the Word more alſo. 
Thus, 5 + 4 + 7, is read, 5 more 4, more 7, which 
makes 16. Soalſo, a + b + c + 4, ſhews, that a, 6b, c, 
and d, are to be added together, | 5 

2. This Character (—) is the Sign of Subtraction, 
and ſignifies, that the Numbers or Quantities which 
come after it, are to be taken from the Numbers or 
Quantities which ſtand before it. . Thus, a + b — c, 
ſhews, that the Quantity c is to be taken from the Sum 
of à and 5. It ſtands for the Word 4% alſo. Thus, 
9 5. is read, 9% 5, which is 4; and - 9 is 4 leſs 
9, and ſhews that ꝙ is to be taken from the Quantity 5. 

Note farther, That (+) ſignifies a pœſitive or affirma- 
tive Quantity, or abſolute Number; but (—) ſignifies 
a fictious or negative Quantity or Number; a Want or 
Deficiency, Thus — 8 is 8 Times leſs than Nothing. 
So that any Number or Quantity with the Sign + 3 

| adde 
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added to the file Number or Quantity with the Sign 
—, their Sum will be equal to Nothing. Thus 8 added 


to — 8 is equal to (o) but — $ taken from + 81s =, 


= ( See Caſe 2d. in Addition and Subtradtion of Algebra. ) 
Again, 
An Aſteriſk ( *)j is frequently uſed for a Cypher i in 
Subtrabtion, that is, 6 + c taken from b + c, there re- 
mains * or Nothing. 

2. This Character (x) is the Sign of Maultilication. 
It ſignifies. into, or multiplied by. Thus 4. * 5 & 3, 
ſhews, that 4 is to be multiplied by or into 5, and their 
Product into or by 3. So alloa x b x © x d, ſhews 
the continual Aultiplication of a, b, c, and d. 


* * When Quantities are placed one after another, 


without any Sign or Character, itſhews their Multipli- 

cation. Thus ab is a * b, or @ multiplied by 6. So 

abed ſhews the Product of à into b into c into d. Join- 

the of Quantities therefore 1 1s eee them N e 
8 


4. This Character () is the ve Sign of Diviſion; and 
fignifies that the Numbers or Quantities before it, are 
to be divided' by the Numbers or Quantities after it. 
Thus a= 6, ſhews that à is to be divided by 4; ſo 
16— 4, ſhews that 16 muſt be divided by 4. 

- Note. There is a better Way of expreſſing D:vi/ion, 
and it is more frequently uſed; and this is by placing) 
the Dividend a-top, and the Diviſor underneath it. 
Thus a divided 1 3 51 = ſet ps Z S$o alſo 16 divided 


by 4 is thus placed, 42 


5. Theſe two tne +" = 1 are the Sign of Equality, 

and fignify, that the Quantities and Numbers on the 
one Side of it are . to _ Numbers or Quantities 
on the other. _ 

6. This Character (=). is the Sign of ne or 
Geometrical Pro dente Thus, a ? = c, Sc. are 
N in Geometrical eee But Geometrical 

Proportion is better expreſſed by tg Powers of one and 
the ſame Quantity. Thus, a, aa, aaa, aaga, a*, 4%, 
Sc. Phat antities in 2 Proportion. So alſo 
2 4 8 „ 16, 32, Cc. are in continual Proportion. | 

| | D4 7. This 
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7. This Character (:) ſignifies the Word ; and 
this (::) ſignifies the Words /o is. When they are 
joined together thus, (:: ::) they are the Rule of Pro- 
portion; and being placed between Numbers or Quan- 
tities, (thus, 4: b:: 4: e) they are thus read or ex- 
preſs'd, As à to b, ſo is d to e. Or thus, 4: 6:: 8: 12,) 
is As 4 to 6, / 75 8 to 12. \ 98, | 
8. This Character {@) is here uſed to fignify Tranſ- 
poſition, and ſhews that the Number or Quantity before 
which it is placed is in the next Line or Step tranſ- 
poſed to the other Side of the Equation, with a con- 
JJ oF 6 TOTO OS | 
9. This Character or Letter (Q) is alſo here uſed, 
and ſignifies by the. Queſtion, as you may ſee in the 
Work of the following Problems. | ES 
10. This Character () is a radical Sign, or Sign 
of the Square Root, and ſhews that the Number or 
Quantity before which it ſtands is to have its Square 
%%% . 
11. This Character (3%) is the Sign of the Cube 
Root, and ſignifies the Extraction of it, as in the 
Square Root above. 4% i LEE. | 


2 


N ; 4 * HS" 


r 


f 


ert ange E Cann N. 
Oy CompounD' S1Gns or CHARACTERS. 


t. HIS ( ec) ſigniſies, that the Pro- 
| duct of a and b added to c is to have its Cube 
Root extracted. The ſame of the Square Root. | 


2. This (Va BTS = 4) thews, that after the 
Quantity d is taken out of the Product of à and b more 
the Sum of c, the Remainder is to have its Square Root 
extracted. eee ee e 


3. This long Daſh ( 


) is often uſed to link or 


couple Quantities together for the better reading or 
underſtanding them. Beſides they are differently ex- 
| W e 
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preſſed to what they are when it is wanting. Thus, 
a X b + c + d has quite a different Signification to what 


it has with the Daſh over it thus, a XU ad; 


fora x b+ c d, ſignifies that the Quantity à is to be 


multiplied by the Sum of 5, c, and 4; whereas with 


out the Daſh, it would ſignify only that the Sum of 
the Quantities c and d is to be added to the Product 
of a into 6 This will be beſt underſtood by Numbers. 
Let 6 repreſent a, 4 b, 8 c, and 12 d. Now 
6 AT A 12 2 144; but 6 * 4 + 8 + 12, will be 
but 44. So that the Difference on account of the Daſh: 
is 106. Note further,  _ „ 3 

This Daſh is often joined to the Tail of the radiant 
Sign, or the Sign is continued longer, which is the 
ſame; and accordingly, as far as the Daſh is extended 
it has a different Signification: LA e 


4 2 e 
4. Thus fu + - + dd — c) ſignifies, "that the 


Quantity c is to be taken out of the Square Root of- 
200 -.* | 


bb 


5. But m + » 4 —c) ſignifies, that only the 


Square Root of m + is to be extracted, and then 
r FEELS STORE CO 
the Difference between the Quantities 4d — c to be; 
added to it. The ſame for the Cube Root. 
6. This Character (+) ſignifies more or leſi ſueh a. 
Quantity, and is uſed often in Extraction of Roots, 
compleating of Squares, c. | 
7. Figures are frequently ſet over Quantities, to- 
ſhew how often they are expreſſed, and to fave the 
Trouble of repeating or ſetting down the Letters ſo- 
often. Thus, “ ſignifies the ſame as if the Quantity 5 


was written, expreſs'd, or ſet down four Times, thus 


bbbb, So alſo x* is xxxxxx8x. 


3 { 
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CHAP 1 


DIALOGUE V. 


Between PHILOMATHES and | YRUNCULUS, concerning. 
ADDITION, SUBTRACTION, MULTIPLICATION, 
and DIVISION of ALGEBRA. 


88 EY —_— > 


hn A 


Phi. —— (Coming to viſit Tyrunculus.) 
5 [ 3 at his Door.) 


Phi. 3 Morrow to you, Tyrunculus. 

Tyr. Kind Philomathes, your Servant; if 
I quay be ſo free, where are you walking this Morn- 
ing! 

Phi. Why, Tyranculus, to ſay the Truth, I came 
only for to ſpeak to'you ; it is ſome Time ago (if you 
remember) ſince I gave you a Paper, and j expected 
before now that you would have come for freſh In- 
ſtructions and Examples; but your ſtaying ſo long 
began to make me think that you had given over the 
Thoughts of Algebra again, and had neglected to learn 
the Signs and Characters you had of me for that 
Purpoſe. 8 | 
yr. I am ſorry I have given you Occaſion to think 
ſo; but the Reaſon of my not being with you before, 
is becauſe I have had ſome particular Buſineſs * my 

| Ks ands, 


Hands, and that you know muſt be minded : However, 
J have learnt them perfectly by Heart, and know the 
Meng of them very well. ; 

£hz. I am glad of it; and you intends: I hope, to 
apply them to Practice; do you nuit? 

Tyr. That I do, as far as Leiſure from more material 
Things Wlfallow or, oo En wo RO 
| Pi, Well then, are you at Liberty to go Home with 
me now, I am no Way engaged? _- 

Tyr. If you inſiſt upon it, I will; but I had much 
rather you would ſpend an Hour or two with me now 
__ are here; you ſhall be heartily welcome to .ſuch 

ntertainment as my little Houſe affords, nd I ſhall 
e it as an Inſtance of your Kindneſs, What ſay 

ou! | 
: Phi. I heartily thank you, Tyrunculus. Entertain- 
ment by Way of eating and drinking I regard not, any 
further than to ſatisfy the real Wants of Nature: It 
1s the Converſation I value, and had rather pleaſe my 
Mind than my Appetite; therefore upon Promiſe that 
you will not put yourſelf to any Frouble, nor provide 
for me any other than that which you intended for 
yourſelf had I not dropt in, I will ſpend a few Hours 
with you. Cine od 383 0 

Tyr. Upon Honour I will not. | 

Phi. Come then, Tyrunculus, let us be doing. 

Tyr. With all my Heart; and pray what is the firſt 


J 


Thing in Algebra that I am to begin wit 
. Phi, As you underſtand Vulgar Hractions, and know 
the Signs and Characters you ſay, the very firſt Thing 
that I ſhew you will be Addition. A 


2 


SB C320 5 
AppITION of ALGEBRA. | 
Tyr. OW is Addition of Algebra performed ? |. 
- Phi. The fame as common Addition, pro- 
vided the Signs be both affirmative or both negative; 
as you will ſoon find by 72 four following Caſes 


Casg 
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__ 75 
GA 1: 


Of S imple Quantities, or Integers having the ſame Sign. : 


When the Duantities to be added have the ſame Sign, 
(viz. both + or both —) then add all the Co-efficients 
or Numbers together, (if any there be) and place the Juan- 
tity after them, with the ſame Sign alſo before —_ > 


- 


. . Ex. "NM | . N | a R 5 Ex. 3. 
— ; 14 RAGE: 
* 3 „ — 4 
5 + 41 . 
Sum + 32 + 76 _—— 
1 Erg. 
+ +5 aadd — bcd 
+ 4 aadd — bd 
+ G6 aadd 412 l t 
Sum + 15 and ED — 3e 


Do you underitand theſe Examples ? 
Tyr. Yes, except the (b) that ſt 


ands alone in Ex- 


ample 2. and (—d) in Example 3. for they have no 


Number or Co- efficient before ten. 
Phi. It is true they have not; but they are ſuppoſed 
(as all ſingle Quantities are) to have Unity or 1 placed. 
before them, as you may ſee in Example 1. and Example. 


5. whoſe Sums are za, and — 3bd. 
Tyr. I underſtand you now very well. 3 
Phi. You are then further to take Notice, that all 

Quantities that have not the negative Sign () placed 

before them, are ſuppoſed to have the affirmative : Or, 

in other Words, thus: When any Quantity has no 

Sign prefixed to it, it is then an affirmative 42 7 

thus, & is the fame as + a, and 4 bis 4 43. 


2 


CA 
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Of SIMPLE INTEGERS or QUANTITIES, having 
%%% % arm. TESTES ops 


n ben the given Quantities are alike, but have unlike 
Signs, then ſubtrat? the one Co- efficient from the other, 
and place the negative or affirmative Sign to the Remain- 
der, according ts where the Exceſs lies; that is, i the 
negative Quantity has the greater Co- efficient, then the 
Remainder will be negative and muſt have the Sign (—); 
but if the affirmative be the larger, then will the. Re- 
mainder have the Sign(+) and will be the Sum of the. 
e eo. 


Ex. r. 1 Ex. 3 * 
4 bb 27 - 14 aabb 
— 3 bb. 3 bb — 43 aabb 
r gw es 
1 416 42 bbad ad 
9 abcd | e —- 42 BO | 
S a (oo) * | 


Do you underſtand theſe Examples? ST ELOLT ys <7 
Hr. I underſtand all but the 5th, for I cannot at pre- 
ſent conceive, that + 42 added to: 42 can be equal 
to Nothing; I ſhould think rather, that ſubtracting 
them they would be equal to nothing. 
Phi. That is your Miſtake, for their Difference is 
— 84, (as you will ſee Cafe 2 in Subtrattion ; ) becauſe the 
xegative Sign makes void the affirmative. tax Þ 2 
Hr. I aſk Pardon, but I do not rightly apprehend 
It. : 5 


* * 


VLeſt the Learner ſhould miſtake the Remainder in this Example, 
and take it for ſome Quantity, I thought proper to put it in a Paren- 
2 N 657 it for a Cypher only, and not for any Quantity. 
See Dial. O | | | | 


ſervation 2. 


1 5 TS Phi. 
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Phi. I think you are a little dull now. Do you not 
remember that I told you, (Set. 3. Dialogue 4.) that 
this ( — ) ſignifies a Want or Deficiency, ſo many 
Times 4% than Nothing as the Figures after it expreſs? 

Tyr. Yes, I do. © 3 6 
r Phi. Obſerve then, Suppoſe that you ſtood in- 
debted to a Perſon 42. and had no Effects of any Sort 
to pay the Debt, then it is plain you would be 42 
Times worſe than Nothing; that is, have 42 Times 
leſs than a real Property of your own: Now ſuppoſe 
a Friend ſhould give you 42/.. to pay off the Debt, and 
you do fo, ftill it is plain you would have Nothing 
in Hand to begin the World again with: Conſequently 
then + 42 added to—42 =* Or. | 

Tyr. I am very thankful, Ph:lomathes, for ſo plain a 
Demonſtration. 9 8 
S0 I perceive then, that a negative Quantity added 
to an affirmative one, is the ſame as two affirmative 

uantities ſubtracted from each other. Are they not ? 

Phi. The very ſame. (See Caſe 2. Ex. 5. in Sub- 
traction.) Ex bs | 

Tyr. Thus far then J am pretty perfect; but how 
muſt I manage when the Quantities are many in Num- 
ber, and have different oigns? - 

> Phi. Very eaſily. Firſt collect all the Quantities 
that have one and the ſame Sign into one Sum, ſo you 
wilt have two Quantities at laſt to be added as above. 

Tyr. Pray add 14 a — 5 axx + 8 axx — axx — 
41 axx + 39axx together? THE OL TLC Ch 

Phi. Obſerve then, I collect all the Quantities hav- 
ing one and the ſame Sign together, viz. 14 axx + 8 axx 
+ 39 axx, and theſe are equal to 61 axx; then — 5 an 
— axx — 41 a = — 47 axx; then — 47 axx added to 
+ 61 axx, as before directed, = 14 axx Anſiber, the 
Sum of all the Quantities, Now I will try you with a 
Queſtion, VV . 


Ex AMP IL E 7. 


Add 4 aaa + 9 aaa — 12 aaa — 4 aaa — 19 aaa + 
| 14 aaa + 6 aaa — 9 aaa together. 5 


Tyr. Nothing eaſier, Firſt, 4 aaa + 9 aaa + 
| : 14 aaa 


9 
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14 aaa + 6 aaa = + 33 aaa; and — 12 aaa— 4 aaa 
— 19 aaa — 9 aaa = — 44 aaa; then — 44 aaa added 
to + 33 aaa = — 11 aaa Anſwer. | 

Phi, You are right, but ſtill you have taken unne- 
ceſſary Trouble. 

Tyr. Wherein ? | 5 

Phi. Why did not I tell you that the negative 
Sign — deſtroys the affirmative + ; therefore as you 
have 4 aaa + 9 aaa, and alſo — 4 aaa — ꝗ aaa in the 
Queſtion, you needed not to have meddled with them 
at all, only add the reſt of the Quantities, and you 
will find them to be +-20 aaa and — 31 aaa, whoſe Sum 
is — 11 aaa, as above. 

Tyr. I was a little wanting indeed in this ReſpeR. 

Phi To be ſure it faves Trouble; for ſuppoſe I 
were to add abb + 6 abb — 9 abb — abb + 4 abb —- 
6 abb to + 9 abb — 3 abb together, I have only 


Ez abb to add to + 4 abb, (for the reſt deſtroy each 


other by contrary Signs) and their Sum is + add, the 


Sum of all. 
Tyr. I ſhall take Notice of it; but ſuppoſe the 


Quantities to be added are not alike, nor the Signs 
neither, how then ? 


| Phi, You will fee by the following Caſe. 
CASE 3. 
Of StmpLE CONTRARY QUANTITIES. 


When the Puantities to be added are unlike, whether 
they have Co-efficients or not, ſet them one after another, 
without any Alteration of the Signs, and this will be the 
proper Sum. „„ N 

Tyr. This is eaſy indeed; then if I were to add 
3 bc + aa + g — together, I imagine their Sum is the 
ſame; wiz. 3bc + aa + g —d-: Is it not? | 

4 You are very right. See the following Ex- 
di piè. 5 | fn 


ExAM- 
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Sum — 5 2 + 4 da — xx 4 cg 


EXAMPLE 2. 
— $5726 
+ 4 
wes 2888 
„„ 


_ = 0 ada 


Sum — 57 8b 4m — ggg + 17 
LASER: bs 
Of ComPounD INTEGERS or QUANTITIES, | 


This depends upon the three preceding Caſes : For if the 
Duantities are alike, and have the ſame Sign, then add' 
them together by Caſe . but if they have contrary Signs, 
collect all ſuch together as have one and the ſame Sign, and 
ſubtract them from each other, ſetting the Sign where the 
Exceſs hes (according to Caſe 2.) be it + or. But if 
the Quantities and Signs be both contrary, then (ly Caſe 3.) 
ſet them one after another without altering any of the Signs, 
and you have the Total. | 


ER Ex. 2. 
Add'4 x + 6 14 * — 9 
Sum q X +56 +5x+ 5. 


ExxXAMP LE 3. 


Add 4 be * — 18 
* 


Sum. 4b + * + g.bþ — x#b — 9, 


More 
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ExAur LZ 4. 


4 abed + 6 le +9. 4d 99 
— a4 bed — 404 — 5 4 
+2 abed — 3 4 7 

— abed + "be + abd + 7 


Sum 4 abed + 7 abd — 2 


FUR 5 


1 6 17 ts 
: hb + m +4 f—12y 

„ 
—S A IT + TT SO 


22 


Sum 45 T b 5 | 


Tyr. You have made Uſe of all Caſes I ſee in theſe 
Examples. 

Phi. I do it on Purpoſe to ſerve you; and do you 
think you are perfe& in Addition ? Look at Example 
8. ones more, if you be not. 

I think I am indeed, Sir. | 
5 If ny we with paſs dire&ly to Subtraftion. 


1 


* 2 — 


n 
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Tyr. T AM afraid Subtraction will puzzle me, for I 
L remember I was more ſet in this Rulein Pulgar 
Frattiens than in any of the other. 

Phi. Be not at all diſcouraged, for you will preſently 
do it, I am ſenſible, if you take Care to mind the Rules; 
for I ſhall proceed the ſame as in Addition. Fe 

3 ASE 
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; >; AAS . E 
| _ Of S1MPLE INTEGERS, having the ſame Sign. 


When you have any Quantity given to be ſubtracted 
from another, then change the Sign of the Quantity to 
Le ſubtracted into the contrary Sign; that is, if it be + 
make it —, and if — make it +, and then add them by 
the firſt Caſe of Addition, and you have the true Dif- 
ference: Or rather, if the Quantities have one and the 
ſame Sign, then ſubtract the Numbers or Co-efficients 
as in common Subtraction, obſerving to place the Sign 
belonging to the Remainder. 


Ex.-1. e Ex. HE g 

From 3a — 216 8 

| Take 4 => © SE 
| Auf. 24 | — 125 | 5 bid 
f Ew 


EXAMPLE 4. 


From — 24 abd | 
Jake = 9,006: 


Anſ. — 15 abd 
CASE: I Ft, 
Of StmPLE INTEGERS, having contrary Signs, 

Then the Duantities to be ſubtratied have the nega- 
tive Sign, and the other the affirmative, then add them 
together as in common Addition, and you have their true 
Difference; to which place the affirmative Sign, but if 
| the Quantity to be ſubtrafed have the affirmative Sign, 
| and the top Duantity the negative, you are to add as before, 
but then place the negative Sign to their Sum, and it is 

the true Difference. 9 0 a 


—— IR —— v —— 0 


. Ex... 5: . 
From 4 bb — 7b Iq aabb 
Take — 3 4b + 36bb — 43 aabb 


Diff. 17 — 10 55 57 aabb 
; X. 


=» 
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Ex. 4. 3 
From — abcd f + 42 bbad . 
Take 9 abed — — bbdd 
Difference — 10 abcd + 84 bd 


EXAMPLE $5, varied. 


From 42 bbdd —+ 42 aablh — 42 bbdd 
Take 42 bbdd — 42 aabb 4 42 b, 


— — — ——— — —— eN— 


Diff, (0) - 4 84 at — 84 bbdd* 


CASYB 2. 


Of ComPeounD QUANTITIES. 


There is no Difference in the Work of theſe and ſimple 
Ruantities, only obſerve to place the Sign between the 
Difference according as is n. 


1. : Ex. 2. 
Froma + b A 
Take a — 5449 —a+b—9 
Anſ. + - 24 — 26 ＋ 9 


EXAMPLE z. 


From 7 4 + - 7c 4 14 
Take — 44 — 4 T 2 cc — 10 


— — — ö 


Anſ. + 8aa + 5b —g ec + 24 


Tyr. Mighty pretty, and withal very eaſy. Pray how 
are unlike Quantities ſubtracted ? % 
Phi, I will tell you directly. 


CASE 6 


Of CONTRARY or UNLIKE QUANTITIES, 
IVhen you are to ſubtraf unlike Quantities, let them 
be either ſimple or compound, you have no more to do, 


* See Caſe 2. Ex. 5. in Addition. = 
; | but . 


68 Mu1rTIPLICATION of 
but only to ſet the Quantities to be ſubtracted diredtly 


after the Quantity you are to ſubtradt from, fir/t obſerv- 


ing to change or alter their Signs ,, thus have you their 


true Difference, 


EXAMPLE 1. 
From a + b —5c 1 
Take g — d + 9, by changing Signs, 


Info + b—;cmg+4—9 
EXAMPLE 2, 


From 42 bc + 24 d — gg 
Take 17 þ — 14 xx — bb — 15 
Anſ. 42 be + 24 d —gg — i7 % + 14 #x + bb + 15 


Tyr. Quite plain indeed : Pray what is next? oy, 
Phi. Now, Tyrunculus, we are come to Multipli- 
cation. 


{ECT 
MuLTiPLICATION of ALGEBRA. 


Tyr. J Think that Szbtraction is eafier than I thought 


or. 

Phi. Nothing like Delight and Application, Tyrun- 
culus, theſe make Things eaſy. | | 

Tyr, It is very truc; but ſ am afraid of Multipli- 
cation. . | 
- Phi. Moſt Learners dread a freſh Rule, though they 
wiſh too to be trying at it: But what ſhould be the 
Reaſon for ſuch Fear, fince the ſame Care will conquer 
one as the other. | 1 

Tyr. Pray how is Multiplication performed? 

Phi. There are three Things to be obſerved in this 


Rule, viz. ; | 
| I, When 


ALGEBRA: : 


1. When the Quantities have the ſame Sign. 

2. When they have contrary Signs. : 

z. When they have Co-efficients or Factors. 

In all which Caſes you are carefully to obſerve that 
when the Signs are both affirmative, or both negative, 
the Product will be affirmative; but when one is ir- 
mative, and the other negative, the Product will be 
negative: For + Xx +, or — Xx —, produce +; but 
+ XK, or — * +, produce —, 


CASE t, 


.Of QUANTITIES Having the ſame Sign. 


Tf the Quantities have no Factors or Co- efficients, then 
only place the Letters repreſenting ſuch Quantities, one by 
the Side of the other, and place the Sign + before them ; 
but if they have F actors, multiply them as in common 
Multiplication, placing the Produtt before the Quantities. 


Ex. 1. Ex. 2 Ex. 3 

Mult. a 43 — 2 6 

by 5 0 NE d 

Product ba 4 bc 4 abd 
735 Ex. 4. | Ex. 59, 
Mult: — 6x 14 bb 
ae.” "2M 

Product + 12xg 28 bb 


Tr. This is eaſy enough, 1 3 
Phi. Nothing eaſier, therefore we will paſs to Caſe 2. 


SAS 2. | 
Te MuLTiPLY Duantities having contrary Signs. 
= 9 Pp Ex. 2. Ex. z. 
Mult. 5 an: — 4 bc 
Wa 3 + 653 
product — ab — 3 — 24 bbcd 


Ex AM- 


* 
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5 EXAMPLE 4. 


Product — 32 xxbd | 
Tyr. There need no more Examples. Pray what is 
the next? | 
__Phic Cat 3. 
Of Compound QUANTITIES. 


Multiply every particular Quantity in the Multiplicand, 
by each Member or Part of the Multiplier, as you do in 
common Multiplication ; then add them together by the 
Rule of Addition, and the Work is done. 


| EX. I- | Ex. 2. 
Mult. ab + c 4b — cad 
by 4 45 
Product abd + dc 18665 — 4 cab 

EXAMPLE 3. 
Mult. gb —8+5x 
by | — 34 


Product — 27 bd + 24 Low 15 xd 


More EXAMPLES of COMPOUND QUANTITIES. 


EXAMPLE 4. _ _ExAMPLE 5. 
Mult. a + 6b a —b 
by a +6. a — 5 
aa + ab : bh 
+ ab + bb — 4 + bb. 
Prod, aa + 2 ab + bb aa — 2 ab + bb 


ExAM- 


ALG EMA; 0 


"mn 


Ex AMPLE 6 


Mult. a + 45 
** a — 5. 


| 8 


Product a — - bb 1 7 


ExAMPLE 77 


Mute. ab-+ ld 6 
| 1 * . 


eee, 
+ abd + cad — 6 4 


Prod. cle + cd — 6 c + abd + "MELEE 


ExanmPLE 8. 


Mult. i 
by —7 x ＋ 3 


— 7s = 
＋ 6 30 — 12 


— —— 


Prod. eee +385 +65 +3012 


EA A . 


Mult. a +3 4 
VF. a+b+c 


„ od + ac bh 
+ ab + bb + be 
2 + ac + be + ce 


— 


Prod. aa + 2 ab + 2 ac + + 2b + 75 ＋ ce 
Ex AM- 


Cr ** 


rr EE CS DE gee - 


W 


9 _ 
0 ba ©: E 8 - * 
N 7 
1 
"_ Aro». > AA, 


P 
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EXAMPLE 10. 


Mult. a +b + c 
by . 


à4aa + ab Þ ac | 
—ab'— bb — be 


— A, — bc — ce 


product aa cc 


Tr. I underſtand the Examples very well; I ſee in 
this laſt Example, that + ab — ab, + ac and — ac 
deſtroy each other when you come to add them together. 

Phi. Very well obſerved, Tyrunculus; this gives me 


- Reaſon to hope you are perfect in what you have ſeen 


done. > dere 
Tyr. I hope ſo. But pray, Philomathes, let me aſk a 


Queſtion ; 1 am not fully fatished why ＋ x — ſhould 
produce —, and that — x — ſhould produce +; have 
. other Way to demonſtrate it but barely telling 
tel ö 28 | 
Phi. To be ſure, it is eaſily proved as follows: 
Suppoſe I take 4 Quantities, and make them equal to 
Numbers, v:z. Suppoſe b = 12, c = 4, d=8, 


* 


20Y 4 | | be Fo 
and f= 6. Then place them in ſome ſuch like Order 


as follows : „ 
Subtract 1. Be and © = 2 © Subtract : 


oq 
— 


THAI 


—ů — 


Then þ — c = 8, and d—f=2 
Now b —c Xxd—f =8 X 2 = 16, the Product 


of their correſpondent Numbers 8 and 2. Therefore 


2 - c x d — will be= db — dc — fb + fr, viz. =16, 
if the Work be right. / * b 
5 PRO OF. | | 
- Firſt, z d\5= 132, 0,896 | 
| And r 2 1 Add 


"Tllarcfore bd + f = 120 


Again, 


Q qo Rb 


Nw 0 90 


Q@ e 


4 - 


ALG EB NN. 7 


That is, de + fb = 104, which taken from 120, 
leaves 16; that is, b4 +<f de — fb = 120 — 104 = 16, 
as above. Conſequently therefore + x — produces 
—, and + x +, or — x — produces +, Q. E. D. 
Hr. I cannot ſay I underſtand it by looking it over 
ſo quick, but | will conſider of it another Time. In 
the mean Time, pray tell me what is the Meaning 
of Q. E. D.? | | | CE wh 

Phi. They are often uſed in the Mathematichs, and 
ſet at the End of a Demonſtratien or Proof of any 
Problem, and ſignify, that the Thing given is not 
only done, but demonſtrated and proved, and is thus 
read, Q. E. D. which was to le proved. ; 

Tyr. I heartily thank you., Pray have you any 
Thing more to ſhew me in this Rule? 1 

Phi. Nothing more, only leave a Sum for you to 
work at your Leiſure, which I would have you try at. 


EXAMPLE 11, 


Mult. 3 xx + 4 bb — 2 4 
by 2 xx — 3 bb — 4 | 
Prod. 6x* — xxbb — 7 dxx — 1234 + 2bld + 24d. 


———_—_. 


SECT: 


DIVISION of A LGEBRA. 


Tyr. J Fear you will find me but a dull Scholar at 
| Diviſion; for as common Diviſion is harder 


than the other three Rules, I think of Courſe Divi/ion 


of Algebra muſt. _ 2 | | 
Phi. I confeſs it is ſomething more difficult; but 


what of all this? Labour overcomes all Things. Hows 


ever, it is eaſier perhaps than you imagine. 
Tyr. How is Divi/on performed! 4 
| ; | E FF Phi. 


| ſuppiJe I were to divide deb by db, I ſet it thus 


B . ae 
2 "IE * 


74 Drvy Is ION of | 
zz Phi. In Diviſion are three Caſes; in all which 


you are to obſerve, as in Multiplication, that if the 
Signs b2 alike in the Diviſor and Dividend, the Quo- 
tient will be affirmative; but if unlike, the Quotient 
muſt have the negative Sign. | 


Sas . 
Of Quantities having the ſame Sign. 


If the _ have Co-efficients, belonging to 
them, then divide the one by the other, as in common 
Diviſion, and place the Quantities in the Quotient. But 
4 the Duantities have no Co- efficients, then ſet the 

ividend a-top, and the Diviſor under it, Fraction- 


wiſe, and if you find the ſame Letters or Quantities in 


both, cancel or caſt away ſuch Letters, and the Remain- 


der will be the true Quotient or Anſwer required, Thus, 
PU, 


NS 
and becauſe I find db both in the Dividend and the Di- 
viſor, I expunge or cancel them, and then only e remains, 


which is tre Duotient or Anſwer, * 
Ex. I. Ex. 2. 
Divide bbdc J, abc gr 6c 


EXA UMA. 


Divide xx4dg Hof. xd 
i 


by xbgd 
Ex. 4. . Ex. 6. 
Divide 15 xb — 64 bd — 4 abe 
dy. + c- # — 8 6  — 4 abc 
An]. 1.7 +8: F 1. 


 CasE 


Dre , . 
Bra Se os. 


SECT ITS 3 p 
* Ax WC : 2 8 


and the Co-efficients cannot be divided, then ſet them over 


EE Tyr. 1 underſtand it very well; but how da you di- 


every Member of the Dividend and Divifar according 


/ 


AL GE B RA. | 75 


Of ConTRARY 'SIGNS aud QUANTITIES. 


Divide the Quantities au Co-efficients as before, 
and to the Quotient annex the Sign —, and the Work 


{5 done. : 


Ex. 1. Ex. 2. Ex 3. 
Divide a6 — 15 xb 64 bdc 
of — 8 Þ+ $570 — 8 bd 
A it „„ 
Proof b — 15 * 64 bed 


EXAMPLE 4. 
Divide 4 abc 
by — 4 abc 

e 


Note, When the Signs and Quantithes are quite unlike, 


one another FraCtion- wile, and you have the Anſwer, 
| Ex. 5 | Ex. 64. . The | Ex. 7 : Ex. 8. 
Divide 5 14 als xd 138 n 


} 


57 . ,, ee e 
„„ i,, "and Is an 
. . as -* 12 ag 


vide r Quuntities? 

. Phi, The ſame as in Multiplication, by going through 
to the Order of the common Diviſſou. 
55 "WY | ä 
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CASE z. 
Of CempounD QUANTITIES. | 
| | Rule 1. OC ove ab 
Proceed in all Reſpects as before, due Regard being had 


to the Signs, and you have your Deſire, 


Ex. 1. N Ex. 2. 
Divide ada + abed 12 de 15 ds + 4 ca — 5 
_. „ . 
Anſ. a + be 8 1 55 4c — 5x G 


Tyr. Let me aſk you one Queſtion ? 


EXAMPLE z. 


Divide 4 atc — 24 aabb - 32 bad 
7 = 400 


Phi. Anſ. —1 c + 6ab + 8d 


Tyr. Very well; but pray is not Diviſion wrought 
Tometimes at large, or do no Queſtions require it? 

Phi. It is frequently ſo wrought, and I could have 
done the laſt Example ſo if I would.  _ 

Tyr. Pray do, it may perhaps give me a better Idea 
of Divi ion than have at. preſent. 4 

Phi. Obſerve then. 1 

2. When you have many Quantities, then lump as 
in Diviſion of the whole Numbers, by ſeeing how many 
Times the Divifor is contained in the Quantities of the 
Dividend, placing it in the Quotient; then A e the 
Diviſor by the e and place it under the Dividend, 
and ſultract it therefrom, and to the Remainder brin 
_ down the next Quantity or Quantities in the Dividend, 


and thus proceed till the whale Operation is performed. ' 


* 


5 ExAM- 


* 
i 
{ 


i Þ 

1 

| £7 
* 
N 


a Ae 
3 


N 


a1 8 * AE >» - * 
— — * N 
— * e 


ALGEBRA. 77 


EXAMPLE 3. The long Way. 


445) qabe=24 gals — 2lad(—ic + 6 ab +84 Aus. 
+ 4atc 
— 24 4b 
— 24aath 
— 32 lad 
 — 32 bad 


o. 


* 4 I like this very well, OS it appears much 


| 22 to me than the other. Pray give me one more 


xample? 

Phi, Su poſe it were required to divide bx + 1d | 
+ ox T — e — de r + 4 it ain, Randes 
follows. 35 8 


ExAMPLE > 0 


at 1 C er al- ( ns 2 
— 
33 © | 
cx ca. 
cx cd 


re- de 
— If ff — de 
2 


78 DI VTSION of 
EXAMPLE 5. ö 
36) Gxyxx — 96 (2xxx+4xx+8x+16 Al. 
a —A ed oo a So ogg 
1 o +12xxx—=95 oro 
| | T2 - 24fͤ x _ 
bi © +24xx—g96 
| + 24XX—48x 
o ' 48x4—96 
j © 48x—96 


, 
4 8s - . 
70: 


1 Hr. | like this quite well indeed; but T could not 
J: have thought that ſo ſhort a Dividend would have pro- 
1 duced fo many Quanbities in the Quotient. 

Phi. That is eaſy to perceive; becauſe “ 12 
is not found in the Dividend. I change the Sign 
(which is ſubtracting it) and bring it down for a new 
Divicend or Remainder, and it will we +12xxx, I do 
the ſame alſo with — 24xx and — 48x. See the 


$0. hm, 
—— 


n cf SY MY * * „ 
— 8 ROS £ 8 . 
— —ꝛ— . —— >. ES 


* 


PRO Ov. 
2xxx+4xx+8x+16' 
f 3x—0 1 28 


— 
1 — 


G + 12xxx+24xx+48x 
—1I 2xYXx—24xx—43x—96 


* — © * 2 — 
- PEW We wa 7-4. e 


2 FEE INE] 
23 e eee e an es; EAA ee PORs- 4g RT 
* 


G 96 | 


Tyr. *Tis right, ſure enough. : 
Phi. I ſhall give you then but one Example more. 


4 


q 
_ | 
_ | Ex Au- 
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RAA 


M1 $b-=g)20ab + gxxb— 6b + zobe= 5bd +40b—36a=9xx + 108==54c+9d=72 


1 20ab—=36a*% (44a Ta 12 4+6c-=d +3 An. 
+ gxxbonbob 
Fr b 
60 zebe 
c +108 
＋ 20. 54 
+ 230. . 
—5db +gd | 
3 SETTER | 
y +4072 
o 


1 Tyr. I do not underſtand this, that —“ 36a ſhould 
= ſtand under 5xxb : Pray how do you ſubtract them? + 
Phi. I do not not ſubtract it from zb, though it 
ſtands under, but from — f 364 further on in the 
Dividend, and ſo on for the reſt, t.. 
y. Then it matters not whether the Quantities 
k ſtand under each other I imagine; does it? _ 
F Phi, Not at all, as long as you can but find the 
| ſame Quantity any where in the Dividend; and you 
would do well in ſuch long Sums to make a particular 
Mark againſt ſuch Quantities as you have taken down 
ar done with, as you doin common Diviſion. 
Tyr. I'll remember it; but ſuppoſe there ſhould be 
any Remainder (for I imagine the Quantities will not 
always fall out even) how then do you manage it? 
Phi. The ſame as in common Diviſian, by placin 
it over the Diviſor Fraction-wiſe. Thus, ſuppoſe 
were to divide xx — bb + xc, by x + 3; I find then. 
the Quotient tobe x , and there remains xc; which 
I place over the Diviſor, and the Anſwer ſtands 


"thus, x —5 + — 


x +6 
1 s . 55 5 See 


$0 DIVISION, @&c. 


See the Work, . 


DIES Xe 
x-+b) xx+xc—bb (x=b4+ ——> 
xx+xb f «+0 
—xb—bb | 
* * xc 


Dr. Have you any Thing more to offer in Diviſſon. 

Phi. I think there is no Occaſion for any more Exam- 
ples. | 

Tir. Pray what comes next! 

Phi. According to the Order of Arithmetic the Rule 
of Proportion ſhould follow, but I ſhall ſpeak of this 
under Dialogue 7. and ſhew you firſt the Nature of 
Algebraic Fraftions; though one would think there is 
no great Occaſion, ſince I have been ſo particular in 
| Pulpar: Fraftions, in which, if you are perfect, you 
cannot miſs to. underſtand the Algebraic, which are 
done one and the ſame Way, only with Letters inſtead 
of Numbers; and this can be no great Difficulty, ſince 
Numbers are only repreſented by ſuch Letters, as may 
be ſeen in the following Dzalogue. | 


DIA. EGO U 


- * 


8 E "Te 


Of ALceBRATſc FRACTIONS, and ft of - 
- REeDpucrTIoN. N 
| {4 1 GASr-a3:7 9 & CALL 
To reduce a mixt Duantity to an improper ALGEBRAIC 
N "FRACTION. OUT OO 
r 24-40 TEE: 21143 Dt A 
4 ULTIPLY. the, whole ee by the, Deno-1 
| minator of the Algebraic Fraction, and to the 
Product add the Numerator. | 
EXAMPLE 1. ; 
. + Reduce a >. to an improper Fraction. 
I , f \ IS * | &. c 1 A ö 1 = * 
* | | | KL "Ty 1a 


* 8 1 


ka ＋ 5 | 
— An}. 


+ 4 a | os ot tb 


EXAMPLE 2: 


* 


3 1 | n 
Reduce a + b T to an Improper Fraction. 


A 
Anſ. a + 6 7 = 8 — — 


Tyr. I have ſeen ſeveral Books of Algebraic Fradtions, 
but. I. do not remember any ſuch Examples: as theſe :: 
Are they neceſſary? L i „ 
Phi. Certainly they are, and that you will ſee if you 
.do but try the ſame by any Figures you pleaſe to make- 
* Compare this with Caſe 1. in Vulgur Fractions.” 
3 Rs equal: 


% 


equal to the Quantitica and this will ha ſome Help to 


5 you, and give you a Notion of an Equation. 

| In Example 1. let a = 8 5 = 3," * = 6, then 
. N 

| — Fa — 0 or rather r gde . | 

1 For x Xa=6X5;,=30; +b=3, __ D. 


Tr. I think it is neceſſary indeed, as you ſay. | 
Phi. And the Beauty of it is, the very next Caſe 
proves it; for I ſhall take the fame two Examples. NE 


"Caen 2%, 


To reduce an IMPROPER 8 to a Mrxr 
QUANTITY. : 


This is only the Reverſe of the former, 777 you have no 
more to do but to divide the * the Denominator, 


0 and it is done. 
| EXAMPLE 1. 
5 XA + b . : 55 - . 
: =” Reduce —— to its is mixt Numbers, 
x)xa+b 4 * 
* 
© + 4 
, E x AU. 
710 


; G 5 N 8 1 8 771 | 6 7: * 4 
Compare this with Caſe 2. in Fulgar Fractiont. 
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EXAMPLE Oe 


da + db 
Reduce : X TI + touts equivalent mixt ; Numbers. 


ba + + cla + 22 Au. 


5 
;. 


* 
— 5 - 


S 


; CAS E 3“. | 1 5 
To reduce a whole PEI, to an ALGEBRAIC 
RACTION. 


Multiply the given Quantity by any ather Quantity and 
place the Produt for a Numerator, and the Duantity 
you multiplied by for a Denominator, andit is done. 


| EXAMPLE I. 
Reduce b 10 an Algebraic Fraction, having dc for its 


Denominator. 


od X om = bdc. Af 8 by the next xt C. 


EXAMPLE 2. 12 


1 a to an „ A Fraction, having x. 1 f for its 
Denominator. 


| ax + 4 38 
Fir a x FFF =48 +9 * N 1 
underſtand it? 
Tyr. I cannot mils it; vou need not give any 1 more 


E ples. ' ny 
"Phi. I ſhall: not; but you ſhall ſee how that this 


Caſe is only the Reverſe of the next. We ſhall take 
the ſame two Examples. | 
Compare this with Caſe 3. in Vulgar Fradtions, 
. f ES - CaAsE 


* 


i 

, 

: 

: 
1 
x 


REN 
— 


—PPP)) „4 r »—— —— — — ——— NNUU————r— 
, * 
x 
ſ 
+ 


Ld 4 Ao” EIS 


2 + af, =— 


84 RreovucTrIon of 
To abbreviate an ALGEBRAIC FRACTION. 


Divide the Numerator by the Denominator, that 13, ex- 
punge or caſt away ſuch Quantities as are found in both, _ 


and you have your Deſire. 


EXAMPLE I. 


bd 
Reduce Ic to its loweſt Terms. 
bd ; 5 5 
52 — (divided by) dc = b. See Example 1. in laſt 
Caſe. * 3 SY f 
| | E-x AM PL E 3 2. | 


ax + af a 
Reduce I to its loweſt Terms. 5 


l j & — * * a. See Example 2. laſt Ca 7. 
80 all; as TI 10 10. 
$ ret 600 ba * Jod 7 8 5g. 

g As Fradtions are abbreviated by Diviſion, it is. 
often cuſtomary to put Unity under ſuch Abbreviations: 
when. the Denominator is caſt away; that is, if the 
Anſwer be a whole Quantity, put the Figure 1 under: 
it: Thus a ==; and a + + 4, expreſſed like a. 


Fraction, is, — 


CASE 5+. 3 
To reduce Quantities of unequal Denominators to ALOE. 
BRAIC FRACTIONS, having a common Denominator. 


Multiply all the Denominators continually for a. common 
Denominator, and every Numerator into all the Denomi- 
natars except its own, whith ſball be new Numerators. 

* Compare this. with Caſe 4. in Vulgar Fractions. 
+ Compare this with Caſe 7. in Vulgar Fractions. 


Tyr. L 


ALGEBRAIC FRACTIONS. 85 


Tyr. I think I can do this directly. 22 
Phi. No Doubt of it, for it is the ſame as Caſe 7. in 


Reduction of Vulgar Fractions. | | 

. EXAMPLE 1. 

e e i 1 13 5 ' bus F 4: HE, 

Reduce KT, and F to Fractions having a common Dena- 
5 minator. 1 


Dr. Firſt then, þ x d % f = bdf for a common 
Denominator. Then, a x 4 X f = adf N. N. Again, 
c * bx f = cf N. N. And laſtly, e x dx U ta 
N. N. So are adf, chf, edb, new Numerators to be 
placed over the common Denominator , and wilt 
tand as follows. * en 


Aa. e, 4 2 OO 


SET nr 
Phi. Youare very right, Tyrunculus, and I am glad 
to ſee you ſo tractable. You ſee therefore that the 
Order of Algebraic Fractions is the ſame as of Yulgar 
Fractions. | 4, - © FS 
Tyr. Ves, I perceive it, and I find your Words true 
now, that to underſtand Vulgar Frafiions well ſaves. 
a great deal of Trouble, that muſt unavoidably happen 
to thoſe that are ignorant of them. . Pray what comes 


next? | | | 
Phi. I have here ſhewn you three Caſes more than 


are in general taken Notice of, that you might ſee the. 


Relation that Algebraic Fractions bear to Vulgar. I ſhall, _ 
therefore thew-you now how to add. them together.. 


3 
WO "SECT: 16.8 


7 x 


86 Ap DITION of 
SECT 3; 
ApDITION of ALGEBRAIC FRACTIONS. 


Tyr. A Reduction of Algebraic Fraftions is like 
I A that of Yulgar Fraftions, I imagine that Ad- 
dition is done much after the ſame Manner alſo: Is it 
] 17: The very ſame: You cannot miſs. Come, . 

add 33 and I together. Ty 
Tyr. Becauſe the Quantities have a common De- 
nominator, [ only add the Numerators, viz. b + c + 4, 
under which I es the 3 Denominator, «, 
2 | 


* 


and their Sum 1s 


Phi. Very right. 
: EXAMPLE 2. 
b 5 
Add 5 and = together. 
> tha , 5 

Tyr. Firſt x x 4d X a = xda for à C. D. and þ * 
J X a = bda N. N. Again, c Xx X 4 = cxra N. N. 
And laſtly, fx d x x fax N. N. which I add as 


under: 
N. Numerators da? 
| 0 add 


cxa 
. 
N 
Or if you ſet down all the new Numerators over 
their common Denominators, and abbreviate them 
by Caſe the 4th, you will ſee they are the ſame, and 
will bel equivalent to the Fradtion given. Thus, 
„ > 
4; 9 «da a. 
Now I will aſk you one, if you pleaſe, with mixt 
Numbers. | | Co 
Phi, With all my Heart, 


> * 
"Ss Ft 
* * 
TE: ry 4 q p 


n. vr 


Ex Au- 


<5 
; SY 
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Ex A a PLE. 3. 


ES N mY 
Tyr. Au. 4 * 2 and od > 7 . . eee 


Phi. The: Fan not being ae T. add. 1 
only by the Sign +, and add the Fractions to them 
alſo by the ſame * as they ſtand. Thus, their 


5 | 
Sum is 4x 5+ 6 d . Or otherwiſe thus, 4x 4 a 
REL LE: 06-202. + fa | 


WET If it were not too Sh Trouble; Philomathes, 

1 ſhould be glad you would demonſtrate Us a little 
plainer to me. * 
Pbi, That I'll do three Ways. 5 | "OR 

1. As the . are unlike, I only place them 
one after the other, (according to Cafe 4s 2 5. ) | 


b | 
and their Sum is 457 + 64g. Or, 


. . By red ucing | the N Numbers. to Improper” 


4 X. +6 cal + 2. 2 
bau, their Sum is Z 1 . | 


* 


"4a Reduce the Frattions 2 22 to a common De- 


a 

nominator, you wil have 58 to hich add the 
whole nn and vou will have 4 * % + 
bf + 28 


Bat however, I will even do more than you de- 
fired, you ſhall ſee the numerical Proof. Let x = 4, 


. ab 


3 
then will 4 x =16, and let the Fraction 7he= == 
Make c = 4, and d = z, then will cd =4 X'3'= 12, 


and let the Frafion 7 = be = = Now at your Leiſure 


add 16 2, to 12 3, you will have 225 = 29 ff = the 
improper 


88 : SUBTRACTION: of -  - 
b 7 7, 1 
. which is in 


: 2 + 6 1 / 
Numbers - * 2 = Id = 29 b a8 before 
Q. E. D. Does this appear plain to you?; 

Dr. You lay me under the greateſt Obligations, 

 Philomathes ; it appears quite eaſy to me indeed. 

Phi. I am glad of it, then you are qualified for Sub 

traction, and there is no Occaſion to dwell any longer 
upon Addition. ) i re, 3 Wes 


improper Fraction 


— —— ” ” 


S 10; 
,, SUBTRACTION of ALGEBRAIC FRACTIONS.. 


Tyr. OW do you perform Subtraction? 
11. Pi. By. one general Rule, viz. If the 
Fractious have a common Denominator,. ſubtract the, 
Numerators, by placing the Sign (—) before that 
which is to be ſubtracted, and place the Difference, 
over the common Denominator; and if they have 
different Denominators, reduce them (by Caſe 5. 
Sect. 1. of this Dialogue) to a common Denominator, 
and then ſubtract the Numerators as in Subtraction of. 
Algebraic Integer. e 


—— 


"EXAMPLE . 


ago 
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57. I muſt confeſs I do not apprehend theſe two 


laſt Examples. 


Phi. You do well to ſay fo, for they are not to be 
underſtood by every Learner at firſt Sight. Obſerve 
then the Numerators of Example 2 are x + 6, and 
35 — x, Now (as before directed) I change the Sign 


of the Fraction to be ſubtracted, and then it will 


— 36 + x, which added (for this you muſt remember 
to do when the Signs are changed) to x + b, makes 
2 x — 23 for the Difference. And thus you muſt pro- 
ceed with Example 3. always remembering that the 
negative and afarmative Sign before the ſame Quantity 
deſtroy each other, and you will find that 10x +2 e 
remains. The ſame is to be obſerved if the Fractions 
have not a common Denominator after they are once 


reduced to it. And thus much for Subtraction, provided 


you underſtand it. : 
Tyr. I thank you for this freſh Inſtruction; I am 
now pretty well grounded in this Rule, I believe. | 


13 ** 


DE BR ; hs 3 N 8 


SE Tn 
Mur rirrIcATION of ALGEBRAIC FRACTIONS. , 


Phi V T ELL, Tyrunculus, what think you of 
1 Maltiplication 3 
Dr. I thin 


not miſtaken. £ of : 5 

Phi. That is right, Tyrunculus, I love to ſee you 
ee and courageous in every new Undertaking: Come 
en,” n 


3 
n 


Tyr. If I remember, I am only to multiply the 
Numerators together for a new Numerator, and the 
Denominators for a new Denominator. Thus, @ * 


dc, and bh x d ld: Anſ. 5 1 
Phi, You are very right, Now multiply 5 bye 


i Dr. 


k I can work it without ſhewing, if I am 


*. 
i 
. 
14 
1 
10 
1 
( 
4 
tt 
15 
: 
1 
* 
j 
* 
1 
4 
10 
} ® 
z 
YA] 
F , 
L k | 
i 
> 
8 
$ 
4 
bn 
A 
4 
_F: 
4 
4 * 
"y 
* 
3 
J 
F: 
* 
4 
: » 
| 
| © 
l 
! 
þ 
: 
B! 
4 N 
EF! 
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Tyr. F irſt, 4þ+cX 3d = 12 bd + 3 dd for a N. N. 
and g +a XK Ag +9 xa fora N. D. So will 
the Nun 5 + "HOT. 

Phi. Very well done, Tyrunculus, indeed. 
Tyr, Now, Sir, give me Leave to aſk you one ? 


* 
EXAMPLE 3. 80 
Multiply = +2 - = by 25 + 6. 
Phi, Why, Thrunculus, the Multiplier being a whole 
Number, I make a Fractian of it, and it will be 
Malt. —.— — 25 Xx by 2b £5 Xo 


Then multiplying the Numerators and Denominators 
— > 25 
Anſ. 24 abæ + 20b — 5gobx + 72 axx + 6bx — 15% 


Or 

* 
3 „ ͤĩ ͥVn ths 2 bb 
rather, it is 24 ab — 44 + 72 ax — 150 K + _ 


abbreviate. Do you underſtand it. 
Tyr. Yes, very well, except the abbreviated Anſwer, 
Phi. Pray look at on the 4th in Reduction. You 
ſee as I have x for the Denominator, I caſt away or 
cancel x alſo in every Part of the Numerator; and 
as there is — 50.bxy + 6 bx, this will be — 44 6x; 
then cancelling x, it is — 44 b, and x at laſt is ſet under 
the Quantity 2 abb Fradiion- ꝛoiſe, becauſe x is not 
found in it, Ed fo 
Tyr. 1 heartily thank you, Philomathes, for this In- 
formation. 6 . ON 


Phi. 


ALGEBRAIC FRACTIONS. 917 
Phi. EXAMPLE 4. EXAMPLE 5. 


c . 
Mult. 57 Mult. 4% ＋7 ty 


Fa 2X '1 Ja 3 T7 7 
. Anl.  20bbxd + 5b 
"4 | a 1 i F Anſ. 27 
„„ 


Reduce the mixt Numbers e eee 

proceed as before, you will have the Anſwers as, above; 
which 9 you will try at your Leiſuree. 
4 „I thank you, Philomathes; I will try it di- 
rectly. Pray have you any Thing further to ſay of 
I A 7 I 
* © Phi, Nothing but this, that when it is required 
to multiply any Fraction by its Denominator, then 
caſt away the Denominator, and the Numerator 


£ 


4 * Ar " tx T V0 Th ” 9 B +7 ds . 9 eie 
— T— — Ol — 1 95. D“ ——— 4 7 
* e * ot So alſo, 7 x + 4 TERM . 
gives 96 + 7dx Anſ. = to the Numerator. This is 
evident; for ſuppoſe 3. to be multiplied by 2, it is 
4 * 4, = = = 3 the Numerator, of the original Fraction 
J, which in Fact. is, only multiplying its Numerator 
by Unity or 1. And now, Brunculus, we will proceed 
| 92 8 . , | 729 WI He * 
to Di vi 7. 11 3 PP: ws a. 8 1 b l | 5 5 | 1 l | . 


F 9 Fl : 
- * 1 « # * a * 9 * ” & 0 


2 8 24 x wy 0, 0 21 5 
alone is the Anſwer. Thus, = x & gives d: For 


„ 
1 


a. 


% 2 


8 E,C I. 
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Tyr. J Dare ſay I ſhall not be able to work Divi/ion 
1 without ſhewing 

Phi. Poh! You are now going to be dead-hearted 
again, and without Cauſe'; and I had much rather 
find you as bold as you were in Multiplication. 5 ud 
5 | | Ke | ſider, 


2 7 1 » 
— ——— i — 


92 Mut TIPLICATION, Se. 


fider, Tyrunculus, that every Learner may be com- 
pared to a young: unexperienced Soldier; and though 
we will not call Arithmetic his Enemy, yet he has 
got many Skirmiſhes to. go through, and muſt not 
only fight, but that valtantly too, to overcome them; 
for a b ield is ſeldom won by Cowardice: Beſides, 
Tyrunculus, T have hitherto furniſhed you with Wea- 
pons proper for ſuch Engagements as you. have met 
with, and I ſhall take Care to provide you with 
others for every freſh Attack; and do you but learn 
to handle them well, and you need not fear but you 
will always overcome. | 5 

Tyr. You lay me under the higheſt Obligations 
to love and thank you, for being fo careful of me. 
Pray then how is Diviſion performed? i. 

Phi. The fame as in V-ulpar Fraftions. Multiply. 
the Numerator of the Dividend into the Denominator 
of the Diviſor for a new Numerator, and the Denomi- 
nator of the Dividend into the Numerator of the Diviſor 


for a new Denominator. 


Ex, 1. 1 Ex. * | Fre 
. 7 : ö fs I 4 f » 2 * AXX 0 4 WAS 
— — 3 — — — — N \. 
„ . ˙ 10a 
4, 5 . 48 4 tg : 


c Tyr. I underſtand it very well; but ſuppoſe the 
Fractions to have one and the Find Denominator? | 
Phi. Then caſt away both the Denominators, and 
divide the Numerators only. a 


as 4 ”"- 


 ExamPLE Pa 


ba+bx+ca+cx _ S Te . 
ivi — by —— Then it will be 
thus, Divide ba+bx+ca+cx 0 ar Anſ.. 
1 buy b ee 
e beg 
bx +c 


. 


Do 


O 
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Do you underſtand theſe Examples? 
Tyr. Yes I do, quite well. 1 
Phi. Where then is the Difficulty you ſo much ap- 
prehendag7.. ᷑⁵⁰ pff ] ³ —ꝛꝛ RS 
. Tyr. I muſt confeſs that I was a little fearful juſt now. 
Phi, 1 know it, 1 could ſee it in your Countenance. 
Tyr. You have been ſo kind, that I muſt confeſs I 
c cannot value you too much; nor can I repay. you but 
E with Thanks. 88 „ 8 
F Phi. I do it to ſerve you, as I obſerved, and if you 
receive Benefit by my Inſtructions, return the Thanks 
elſewhere. I only deſire you to be chearful and cou- 
a rageous, not timorous, for that will kinder you in 
; your Purſuit. __. . oo I Ts 
Tyr. I will endeavour to follow your Advice in every 
Reſpect: but it is a dull Study for Learners for the 
Arſt few Rules. | 5 
Phi. I own it is; but now you are paſt the worſt: 
You have in a great Meaſure drawn aſide the Maſk, 
and as ſoon as you are acquainted with the Rule of 
Proportion, and underſtand a little of Equations, (which 
vou will ſoon do) it will then fall quite off, and you 
will with Pleaſure be raviſhed with the Beauty of its 
Face, and the Symmetry of its Parts. | 
Tyr. How long will it be before I come to the Rule 
of Þredention bs | 3 


Phi. I ſhall ſhew you the Nature of it directly. we 

D I-A LOG U E- 

EC 
1 Of PROPORTION in general. 

Tor. 1 HAT do you mean by Proportion? * 
* n Fon wad is the Relation, Reſpect 
or Quality, that Numbers or Quantities bear to each 
| other, by a certain Ratio, Reaſon, Analogy, or Com- 
| pariſon. Fs + n | i 1 
F * 


6 


. . e 
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Tyr. Is not Ratio and Proportion then all one-and 
the ſame ? | ” | e 


Phi. They are often uſed and ſpoken of as one and 
the ſame Thing, but there is a Difference; for ſtrictly 
ſpeaking, Ratio is not N itſelf; but ſhews the 
Difference of Numbers, by comparing one with the 
other; ſo that by it is ſeen the Reaſon or Analogy that 
the Antecedent bears to the Conſeguent, by ſuch and ſuch 
Compariſon, and in Courſe the Proportion that the 
Numbers bear to each other. „ 
Tyr. What do you mean by Antecedent and Con- 
ſequent ? Es | 1 
Phi. In any two Numbers or Quantities, the firſt 
Term is called the Antecedent, the ſecond the Conſe- 
guent, Thus, 4, 8, Sc. 4 is the Antecedent, and 8 the 
Con ſeguent; the Ratio is 4, becauſe 8 is 4 + 4, and 
the Compariſon is 2, becauſe 4 and 8 compared, one is 
twice the other. So alſo in any Series of Numbers, 
as 2, 6, 10, 14, 18, &c. 2 and 18 are the Antecedent and 
Conſeguent, and all the others between them are both 
Antecedents and Conſeguents. oͤéT AR 
D. I underſtand you very well, but pray how many 


Sorts of Proportion are there? | 

© Phi.: There is, 1. Disjunci e otro or the Rule 
of Three Diref. . 2. Arithmetical Proportion, or Pro- 
greſſion. 3. Geometrical Proportion, or Pregreſſion. 
4. Duplicate Proportion. . Triplicate Proportion, 
6. Harmonical Proportion. And 7. Contra-harmo- 
nical Proportion, &c, But it will be ſufficient for 
our prefent Purpoſe to ſpeak of the firſt Thre? only, 
ſince the Knowledge of the others depends upon theſe, 


a 
2 
— 


—Y 


Of Dix ECT PROPORTION, or the RULE of THREE. 


Tyr. W HAT have I more to do with Propor- 5 
2 255 tion, ſince I can work the Rule of Three 


very well? „ 1 

Pbi, That may be; and yet you may not rightly 

underſtand the Nature of it. A great many Perſons 0 
ä | _ deceive. | 
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deceive themſelves in this, for though they can work 
a Queſtion according to the Order of the Rule itſelf, 
yet they are quite ignorant of the Relation or Pro- 
portion which one Number bears to another, notwith- 
{ſtanding it is evidently known that one Half of the 
Mathematics depend upon it. 
Hr. I thought if I could but barely work the Rule 
_ | -— it was enough, (é till en ſhewed me to the contrary in 
Abbreviations;) but ſince I ſee it is of ſuch excellent 
Uſe, I beg you would explain the Nature of it a little 
plainer to me. 8 | 
Phi. I intend it; but before I give a Demonſtration, 
it will be quite neceſſary that you ſhould be well ac- 
quainted . with the following Obſervations, and then 
the Demonſtration will appear quite plain to you: So 
that my Advice is, you would read them over again 
and again. . 1 | 
OBSERVATION 1. . FE» 
Any three Numbers or Quantities being pro- 
pounded, after you have found a fourth Number in 
Proportion, according to the Order of the Rule of 
- Three direct, then the Proof of ſuch Work is eafily 
diſcovered; for if it be done right, the Proportion will 
always hold thus; 4 > ix, gle | 
As the ff : 24: : 3d: 4th 3 
Or, as the /: 3d: : 2d: 4th. That is, the 1/7 
bears the ſame Proportion to the 3d, as the zd does to 
the 47h, | 1 


4 
' = 
: 
+: 
* 
4 
2 
4 
«| 
: 
4 
* 
* 
U «t 


* #7 yur w ww www | TTri. 


* 


* 
3 
r- 


W 


„ Od 2. RY” 
The Product of the ½ and 4th is equal to the 
Product of the 24 and 3d; that is, the Product of the 
Extremes is equal to the Product of the Means: For 
the 3d divided by the ½, is equal to the 47h divided by 
the 24, Ge... | | | 


* * — e 
0 
A w* % N 
wa: 3228 l . ——_ 1. gs . 
5 hm has > ed en ages AE 


OBSERVATION 3. 


The 1ſt is equal to the Product of the zd and 34, 
7 divided by the 474. 
„ OzskRVATION 4. - 
y Te 24 is equal to the Product of the 1/7 and 4th, 
18 divided by the zd. 7 | 
en end on OBSERVA- 


— —— ——— — —&—— 
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OBSERVATION 5. f 
The 34 is equal to the Product of the 1/7 ne 4th, 


divided by the — 3 


_ OBsERvaArTION 6. 


The 4th is equal to. the Product of the 2d and 3d, 


divided by the 1½. 
Tyr. I could not have thought there had been ſuch 


Harmony in the Rule of Proportion. But pray ex- 


plain theſe Obſervations to me by ſome Demonſtra- 


tion ? 
Phi. I will both by Quantities and Numbers, which, 


if you mind, you cannot but underſtand it. 


DEMONSTRATION. 


Let the 4 Quantities x, b, c, and d, repreſent any 4 
Numbers in + av Proportion, diz. 


Let Ka, l, cl, and 4=24. 
Literally. | Numerically. 


As x: :: 14 [As 2: 221 2 
0 4 As 2: 12: 4 241 7 
For xe = > 2 * 24 = 4 * 12) © 

Andi 2 — 2 | | 1 4 = ee 
of E } =, | - 
; ORE db in” "BD - | 3 
„„ x... 
J5;ß ᷑ .! 8 
And6 1 12 24 2 
| 2 5 
Laſtly | * 5 * : ks * J 


From 
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From the four laſt Steps, each Term is found as 


follows: 
Term | 0 . 

1 5 \ Obſervation 4. 
242 = | Obſervation 4. 
[ET ee 
313 : Obſervation 5. 

4 [4 Obſervation 6, 


| I ſhould think, Tyrunculus, the numerical Work is 


ſo plain, that you cannot help underſtand the /:zeral, 
ſince the Steps of one anſwer to the other. 
r. Nothing can be plainer indeed. But pray what 
do you mean by Steps? and what is their Uſe? 
Phi. Thoſe are the Steps that ſtand in the Margin 
of the Work, numbered 1, 2, 3, &c. Their Uſe is 
to ſhew the gradual Proceeding of the Operation, that 
| . go on gradatim, or by Degrees; that is, Step 
y vtep.. 8 3 14 
Tyr. Have you any Thing further to ſay of direct 


font ol 5 : | 
_ Phi. I have nothing more to add but this, that when 
Quantities or Numbers are in a direct b, 5 they 


are alſo Proportionals — Alteration, Inverſion, 215. | 


a and Compoſition, &c. See Zuc. 5. Def. 12, 
13, c. TE | | ? 


* 


* 
a> mn. — tes 
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Of ARITHMETICAL PROPORTION. / 


Tyr. W HAT is Arithmetical Proportion? 


ö Phi. Numbers or Quantities are ſaid 
to be in Arithmetical Proportion, or Progreſſion, when 
they differ from one another by a certain Ratio, or 


the like Reaſon. Thus, 2, 6, 10, 14, 18, 22, &c. 


are Numbers in Arithmetical Progreſſion, becauſe they 
differ from one another by the Tike Reaſon, viz. by 
4, which Difference is called the Ratio, So 1, 19, 
37, 55, &c. differ from each other by the Ratio 18, 
as you may perceive; for 1 + 18 = 19, 19 + 18=37, 
7 + 18 = 55, &c, From hence will follow this 
)bſervation. „ | 
Ki ' OBSERVATION f. 15 
Any 3 Numbers or Quantities in Arithmetical Pro- 


Portion, the Double of the Mean (or middle Number) is 


equal to the Sum of the Extremes. 
Numerical Demonſtration. 


Let the 3 Numbers be 5, 13, and 27, whoſe Ratio 


or common Difference is 8; the Double of the Mean 
13, is equal to the Sum of the Extremes, viz. 5 
a +=. 4. | 1 
PE. Literal Demonſtration, 3 
I. et x be put for the firſt Term 5, and let e re- 
preſent the Ratio, which is 8. Then will x Ter 13 
the Mean, and x + z = 21 the third Term 1 


PRO Of. e 
Mean. Extremes. 
x + e=13 „ X +20 = 21 
Add 1 1 4 Add 


M. doubled 2x + 2e=26 = 2x + 2e= 26 Sum of Ex. 


Tyr. This is mighty plainly demonſtrated indeed ! 
But pray muſt I always put this Letter (e) to repre- 
ſent the Ratio? 

Phi. This is at your Option; you may uſe any 


Lettres, provided you put one for the Terms, and ano- 


ther for the Ratio, or Difference of the Terms. 
W | | OBSER» 


? 
. 
a? 
*E 
12 
. 
*. 
2m 
N 18 
n 
28255 
1 12 
E 4 
45%] 
J 
10 
A 
Ms 
„ 
A} 
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OzskRVATIOR 2. | 


Any 4 Numbers or Quantities in Arithmetical Pro- 
portion, either continued or diſcontinued and inter- 
rupted, the Sum of the Means is equal to the Sum of 
the Extremes. „„ . 15 


Mumerical Demonſtratian. | 
Let the 4 Numbers in Arithmetical Progreſſion be 


4, 16, 28, and 40, whoſe Ratio is 12; then it is plain 
that 16 + 28 the Means, is equal to 4 + 40 the 


Extremes. * 7 rb . 
N Tina, 


Let à repreſent the firſt Term 4, and put x for the 
Ratio 12; then will a + x= 16, one Mean, and 
a + 2 x = 28, the other Mean, and a ＋ 3x = 40, 
the laſt Term or Extreme. die 


| PROOF. 
Mess. 


„ Mn + 2x S 28  -» 14: + 4440} 


Means 2a + 3x = 44= Extremes 4 +. 3x '= 44. 


N. B. It would be the ſame if the Numbers had 
been diſcontinued, provided the Interruption be be- 
tween the 24 and 34 Term. Thus, ſuppoſe the 4 
Numbers were 4, 16, 124, 136; then 4 + 136 2 


: 16 + 124 = 140. For there is the ſame Ratio between 


41 the. 3d and 4th, as there is between the 1/7 and 2d, 
| UE. 12. W | | 
; Tyr. TI heartily thank you, kind Philomathes : Have 
you any Thing further to add upon this? „ 
Phi. J am not willing to leave any Thing out that 
may be ſerviceable; but I think I have ſaid enough 
upon this Rule for your preſent Occaſion. Ho- 
ever, it may be expected I ſhould teach you to work 
ſome Queſtions, or at leaſt give you ſome Rules to 


work them by. | 1 | 8 
Dr. I think that Mr. Yard (in his Arithmetic, 
Page 76) ſpeaks of oy Theorems belonging > 


* 


{+ K® . ec to 
: ** * - . SN at. Tas, 
e 15 KN 
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this Rule; but he. has given Examples only of twa 
of them, and the other eighteen I-find in his Algebra 
Page 186, but having uo Nuke for them, they are (f 
Tſhould think) beyond the Reach of moſt Learners. 
T ſhould have liked he had given the Rule for finding 
them, though he had not done the Operation itſelf ; 
* becauſe by a plain Theorem, or Rule to work by, 
any aſſiduous Learner would know how to put Things 
in Practice that are not very difficult; but how ſhould 
He know when he has no Rule to go by, nor any 
Tutor at Hand:? | | & i 
Phi. Had he given you the Work of ſix Theorems 
with their Rules, you might with Eaſe have found out if 
the reſt; as you will difcover by the ſix following 
Caſes ; the 2d and 5th of which will anſwer to his two 
in Page 74 of his Work. 


CASE 


The Number or Places of Terms, and the Ratio or com- 
mon. Exceſs being given, to find the laſt Number. 
Multiply: the Number of Places leſs one, by the 
Ratio or eommon Exceſs; and to that Product add the 
firſt Number, and the Sum will be the laſt Number. 


CASE 2. 


The firſt and laſt Number (viz. the Extremes) and the 
Number of Terms being given, to find the Aggregate 
or total Sum of all the Series. | | 7 
Add the firſt and laſt Numbers together, and mul- 
tiply the Sum by Half the Number of Places, and 
you have the Total of all the Series added together. 
Or, in Caſe the Number of Places be odd, then add 
the firſt and laſt Numbers together, and multiply the 
Sum by the whole Number of Places, and divide 
that Product by 2, and you have the Aggregate or 


total Sum. nn 
Sod Pt ON , ob ab. 

The Extremes and Total given, to find the Number of 
„ 3 | 5 | 


Add the Extremes together, and divide the Total 
by their Sum, and the Quotient will be equal to Half 
the Number of Places. | / CASE 


Y%» Us 


Rs 
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- "CASE 4 | 
The Total and Number of Terms given, to find the laſt 


| Number, 

Divide the Total by Half the Number of Places, 
or in Caſe the Terms be odd, divide double the Total 
by the Number of Terms, and the Quotient will be 
a Number; from which if you take the firſt Term, 
the Remainder will be the laſt Number.. 


: CASE $- - | 

The Extremes and Number of Terms given, to find the” 
Neatie or common Eneefs e 
From the greater take the leſs Extreme, and the 
Remainder ſhall be a Dividend; then from the Num- 


ber of Terms take Unity, (wiz. 1) and the Re- 


mainder ſhall be a Diviſor; and the Quotient riſing. 
from them ſhall be the Ratio, or common Difference 
of the Terms. | 


CASE 6. 

The Extremes and common Exceſs given, to find the 
: Number of Terms. © 

From the greater take the leſs Extreme, and divide 
the Retains by the common Exceſs; then to the 
Quotient add Unity, or 1, and that Sum will be equal 
to the Number of Places. 8 

Tyr. Theſe Rules are very plain indeed, they need 
no Example. „ 5 

Phi. Example and Precept are beſt Ns there 


4 


fore I will give you an Example in Caſe the 2d and 
Eaſe the 5th, and you will, no Doubt, do the reſt 


upon the firſt Trial. 


Ex AMI E of CASE 5. | 
Let the Number of Places be 8, the Extremes 4 and” 
39, I demand the Ratio? 8 | | 
Firſt, 39. - 4 == 35 Dividend, then 8 — 1 = the 
Diviſor, and: 35 — 7 gives 5 the common. Exceſs. 


Proof 4, 9, 144. 19,,24, 29, 34z 39. 


3 - Or 


- 


-_ 
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Or literally thus : | 

Let x = 4 leſs Extreme, and e = 39 the greater, 
and 5 = the Number of Terms; then will — 
= , the Ratio as above. |, 


Tyr. I underſtand it very well. Now give me one 


Example of Caſe the 2d. 
Phi, I will. | 


EXAMPLE of CASE 2. 


Let the Numbers be as above, VIZ. 4, 0s 14, 19, 
24, 29, 34, 39. It is required to find the Aggregate 
or total Sum of all the Terms added together. | 


Firſt Number or Extreme 4 
| _ Laſt 39 


3 43 Sum 
This x 1 Number of Terms, viz. 4 


| Total 172 
Or literally thus : 


Let be the firſt, and e the laſt Number, and let 3 
repreſent Half the Number of Terms. : 1 


Then x + = 43 as above 
32 4 : 


Toral bx + be = 172 as above. 


So that from hence you ſee another Rule to find the 
Total, viz. Multiply the leſs Extreme and the greater 
ſeparately by Half the Number of Terms, and add 


their Products together, it will be the Sum of all the 


Series. And thus, x, e, and 5, may repreſent the 
Extremes and Half the Terms, be they ever ſo many, 
which you are carefully to obſerve. | 
Tyr. I like this very well, and I am ſure it is far 
from being hard. | 


Pbi. 
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in Length, and bring each Stone back to the 


ſaid, he would venture him 


loi than make Tria 
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Phi. I ſhall leave you a Queſtion to try at your Lei- 
ſure, to ſee if your Anſwer be like mine. 


Dre or four Men in Company were diſputing concern- 


ing the Diſtance one muſt go, and the Time it would take, 


to gather up Stones laid each a Yard aſunder for one Mile 
nd he began 

al. 2 bragging Fockey (who had preſent a good 
Horſe) ſaid he could ride further than that in three Hours. 
A Sharper in Company, taking Advantage of his Folly, 
fy Guineas he did not ride 

his Horſe fo far in toree Days; the Fockey unwarily con- 


ſents ; the Wager is flaked, and he was to ſet out next 


Morning; but long 727 this he found it better to yield it 

al of ſuch an Impolſibility, it being 

3099360 Yards = 1760 Miles; which is dar aces, a Day. 

257. Surpriſing f I will try at it very ſhortly. Pray 
what comes next? 5 


Phi. Geometrical Progreſſion. 


SE: CE: 1: 
Of GEOMETRICAL PROPORTION. | 


Tyr. W is Geometrical Proportion? 

Phi. Geometrical Proportion, or Progreſſion, 
is when Numbers or Quantities differ from each other 
by like Ratio or Reaſon, as in Arithmetical Progreſſion, 
only with this Difference, that in Arithmetical Progreſ= 


fron the Ratio is the Effect of Addition, but in this of 


Multiplication, by having one common Multiplier. 


Dy. Pleaſe to explain this more cleary to me? 


Phi. Obſerve then, 2, 4, 8, 16,'32, 64, = O&c. 
are Numbers in Geometrical Proportion, and differ by 
double Reaſon the one from the other, the common 
Multiplier being 2. They are every one you ſee the 
Double of the preceding Number. So alſo 4, 12, 36, 


108, c. differ by triple Reaſon, each Term being 
three Times its preceding one. And 1, 4, 16, 64, 256, 
Sc. differ by quadruple Reaſon. \ 


8 Tyr. 
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Hr. I underſtand you now perfectly well. 
hi. Then you are to obſerve as follows. 


OBSERVATION 1. 


Any three Numbers in Geometrical Proportion, the 
Product of the Extremes is equal to the Square of the 
Mean; that is, equal to the middle Term multiplied 
by or into itſelf, : 

Let the 3 Numbers be 4, 16, and 64, Here 4 x 
64 =16 X 16 = 256, 5 


Literal Demonſtration. 


Let x reprefent the firſt Term or xtreme, and let & 
be put for the Kato, then will xe be the Mean, and xee 
the laſt Term, or other Extreme; then will x x xee be 
= the Square of the Mean we, viz, xxee. 4 


a 
Extremes. Mean. 
1 „* 18 s 
ce = 64 | x8 = 16 
Product axee = 256 xxee=256 


Tyr. | underſtand the Example very well. 
Fhi. Once more then abſerve. 


OBSERVATION 2. 
Any four Numbers or Quantities in , either 
! continued or interrupted (provided the Interruption 
1 be between the zd and 34 Term) the Product of the 
Means is equal to the Product of the Extremes. 


EXAMPLE. 


Let the 4 Numbers be 5, 15, 26, and 78 interrupted; 
| then 5 x 78 = 15 * 26 = 390, It will be eaſy to prove 
1 the ſame literally as above. | 1 


| OBSERVATION 3. 
The Ratio of any Series of Numbers in & con- 
tinued, 1s found only by dividing any of the Conſe- 
2 | | quents 
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o 


quents by its Antecedent ; that is, dividing any Num- 
ber by the preceding Number. + 
: „ OBSERVATION 4. e 
Whenever ſo many Numbers or N differ by 
double Reaſon, and it is required to find the laſt Num- 
ber of all, the general Way of moſt Perſons is to dou- 


ble the 1/7, 2d, 3d, 4th, c. Number, and ſo continue El 


to do till they have doubled as often as there are Terms- 
giyen. But, 5 5 | 
There is a better Way when the Places are a 
reat many, for you have no Occaſion to double but a 
ew of the Terms, and then multiply that Number 
into itſelf, and the Product will be the double of the 
Terms wanting one; which doubled gives the next 
Term, Cc. — OY 5 | 
_ Tyr. This muſt be further explained to me, I do not 
apprehend it. | | | . 
_ Phi. It is a little dark in Words only; but you'll 
underſtand it the Moment you ſee it done. 

Suppoſe then a Series of Numbers in = from 1 to 
80 Places were given, which differ by double Reaſon, 
and it was required to find the laſt Number, Firſt 
double a few of them, ſuppoſing to the 57h Place. 
(which may be done by. the Head only) then ſquare 
this Number, it ſhall give you the 9th Term; which 
doubled, gives you the 10th Term; this ſquared gives 
the 19th Term; which multiplied by 2, gives the 20th 
Term; this ſquared gives the 39th Term; which: into 
2 gives the 40%; this into itſelf vives id 79th; and: 
laſtly, this doubled gives the 86th or laſt Term. 
| 7 You need not demonſtrate it any further; but 
how ſhall T find the Sum. or Total of all the Series: 

Phi, Very eaſily, by either of the following Methods. 


— OB8ERVATION 5. 
To find the Sum of all the Series. 1 ada 0.4 
1. Multiply the laſt Term by the Ratio, or commer”. 
Exteſs, and from the Product ſubtract the firſt Term 
then divide the Remainder by the Ratio wanting 1, 
and it will give you the Sum of the Series. Or rather, 
7.5 Ty On 2. From. 
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2. From the laſt Term take the firſt, and divide the 
Remainder by the Ratio, or common Exceſs, leſs Unity 
or 1; then multiply the Quotient by the Ratio, and to 
that Product add the firſt Number, and you will have 
the Sum of all the Series, | 35 

Tyr. I heartily thank you, kind Ph:lomathes, for 
your Trouble. fn 3 


Phi. 1 ſhall not give you any Examples at large, 


but only ſhew you that the Increaſe of Numbers in 
= 1s beyond the Belief or Conception of People in 
general. Thus, a Horſe having 8 Nails in each Shoe, 
and being bought or ſold at only 1 Farthing the firſt 
Nail, and double the Price for the next till you come 
to the thirty-ſecond Nail, would amount to the Sum of 
44739241. 55. 3d. 3. And one Nail more would make 
it 8947848“. 105. 7d. 3. Thus alſo if a Farmer's Ser- 
vant ſhould agree with his Maſter to ſerve him 20 Years, 
for one Grain of Wheat only the firſt Year, and 10 
the next, and ſo to have 10 Times the Number every 
Year, he would have 1111141111111 Grains 
for his Service, Now allowing, according to the 
Standard, that 7620 Grains make a Pint, the Number 
of Buſhels will be 22605613425926 nearly; which, 
at ſo ſmall a Price as Half a Crown a Buſhel, will 
amount to 282;701678240/, And ſuppoſe a Ship to 
carry looo Loads for her Burthen, it would take 
1000 Times more ſuch Ships in Number than the 
whole World can furniſh. hich according to the 
foregoing Rules you may try at your Leiſure. | 
| 75 . Surpriſing indeed ! depend upon it I will try it 
for Curioſity ſake; but pray before you finiſh. this 
Head give an Idea of Harmonical Proportion. 

Phi. Harmonical or Muſical Proportion is, when in 
3 Numbers given, the Difference of the 1/7 and 2d 
is to the Difference of the 24 and zd, as the 1/7 is to the 
34; or when in 4 Numbers given, the Difference of 


the 1/7 and 24 is to the Difference of the 3d and 4th, as 


the 1/7 is to the 4th. And, : , 
| Contra harmonical Proportion is, when in 3 Numbers 
given, the Difference of the 1/7 and 2d is to the Diffe- 


— 


rence of the 2d and zd, as the 3d is to the 1/7; and 


ſuch are 6, 10, and 12. 


Br. 
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Tyr. I am obliged to you. Pray what is the next 
Thing we are to learn? | <3 
Phi. You are now come to Zquations, and pray take 
the greateſt Care you poſſibly can; for the ſolving 
of Algebraic Queſtions depends upon the true Know- 
ledge thereof. 5 + 
Tyr. I will be diligent to obſerve what you ſay. 


FFC 
DIALOGUE VII. 
o/, EQUATIONS. 
8 E N 
O RRDUerIox. 


Tyr. W HAT do you mean by an Equation? 

#** "OY Phi. An Equation is an exact Equality, 
or the mutual Agreement of two or more Things 
when compared together. Thus, when a Pound Ster- 
ling is compared with Shillings, it is found equal to 20, 
_ a Crown compared with Groats is equal to y5 
ſuch Pieces; therefore there can be no Equation where 
there are not two Things at leaſt, becauſe there can 
be no Analogy or Compariſon : And when there are two 
Numbers or Quantities, or more, to be compared with 
each other, you will always find this Sign or Character 

(=) placed between them. 7 


Demonſtration. | 


Suppoſe x to repreſent a /. Sterling, and d 240 
Pence, its Equivalent; then it is evident that x = 4. 
Again, Suppoſe g to repreſent 5 Shillings, and e 15 
Groats, then will ge. But ſuppoſe g to repreſent 
a Shilling only, and e one Groat only, then there 
muſt be Numbers before the Quantities to form an 

Equation; for whereas before g was equal to e, now 
here it will be g = ze, or 5g =15e; viz. 15. =3 
Groats, 55. = 15 Groats. 

ro M Tyre 
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equal. 
from each Side, xy = $ = 12 <= 8 = 4. 
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Tyr. T underſtand the Demonſtration very well. 
Phi. You are further to obſerve, Tyrunculus, that in 
every Equation there are two Parts; that Part which 
ftands before the Sign is called the firſt Part, and that 


after it the ſecond. 


| EXAMPLE. 


Suppoſe x = 4b + c; then is x on the firſt Part equal 
to 4 Times the Quantity repreſented by + on the ſecond 
Part, together with the Quantity repreſented by c, 
added to it. 

Tyr. Pray how are Eguations formed? 

Phi. This is a Queſtion that I cannot anſwer as 
yet to your Underftanding; but you may learn thus 
far, that when one or more Letters, repreſenting any 
known Quantity, are found on the ſame Side of the 
Equation with other Quantities that repreſent unknown 
Quantities; then they muſt be ſo managed as to be 
brought on the other Side of the Zquation; ſo that 
one Side of the Equation mult be poſſeffed by unknown, 


* 


and the other by known Quantities, with the Sign of 


Equality between them; and thus will the unknown 
Quantity be diſcovered: And this is called Tranſpoſition. 
From hence will follow theſe Axioms, or ſelf-evident 
Principles, which I beg you would get by Heart, at 
leaſt ſo as to know their Uſe and Meaning. 


AXIOM 1. 


If equal Numbers or Quantities be added to equal 
Numbers or rs, their Sum will {till be equal; 


that is, ſuppoſe a was = 4, then by adding any Num- 


ber or Quantity to each Side of the Equation (ſuppoſe 
12) it will ftill be equal; that is a +12=4 + 12, 
— 16. ; : | N | 

AXIOM 2, 
If equal Quantities or Numbers be ſubtracted from 
equal Quantities or Numbers, the Remainder will be 
hus, ſuppoſe & = 12, then by ſubtraCting 8 


AXIOM 


7 
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If equal Quantities be multiplied by equal Quan- 
tities, the Products will be ſtill equal. Thus, ſuppoſe 
x=8, and I multiply each Side by any Quantity or 
Number, as 12, then will 12x = 96, This is plain 


from the next Axiom. | 
AXIOM 4. 


If equal Quantities be divided by equal Quantities, 
the Quotients will be equal. Suppoſe 12 x = 96, then 
dividing by 12, x will be equal to 8, as per Axiom 3. 


AXIOM <6 


| Thoſe Numbers or Quantities that are equal to one 
and the ſame Thing, are equal to one another; that is, 
ſuppoſe x, or þb—c, or5e + 6, were either of them 
to 144, then are they alſo equal to each other. | 
You will ſee more of the Nature of theſe Axioms in 
the next Section, in treating of Tranſpoſition. © 


I 


. 


i 


SE „ 
REDUCTION by ADDITION, er, the Method of 
 TRANSPOSING Numbers and Quantities. 


Tyr. HAT do you mean by Tranſpoſition? | 
45 W Phi. Tranſdoſtion is the — 1 „ alter- 
ing, changing, ot removing any Thing from one Place 
to another. To — then any Number or Quan- 
tity, is only to remove it from one Side of the Equation 
and placing it on the other with the contrary Sign; and 
this anſwers to Axiom the 1/7 and 2d. 

Tyr. If I remember, you uſe this Character (9) for 
 Tranſpoſition : Do you not? = | 

Phi. Yes, I ſhall throughout the Work, and where 
ever you meet with it read the Word e 

Tyr. Very well. Pleaſe to give me ſome Examples 


vs 
. — 
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+ Phi, I will; and pray remember, that Addition is 
nothing more than removing every negative Quantity to 
the contrary Side of the Eguation, and making it N. 
mative. | 


ExAMPLE bo 
x - BSc. Then 9 - 
x=c+6 A.. 


Suppoſe | I 
2 


Or, by Axiom 1, adding + 6 to each Side of the — 


tion, it will be 

111 | 

2 + b=+b 

3 [x Sc + b as before; becauſe — 5 + 5 on che 
firſt Side of the Eguation deſtroy each other. 


EXAMPLE 2” 
1 Then o — 3 
282771 1 And ↄ — 4 
* Sg +d+b, Anſ. 

Or by adding + 4 + 5 to each Side, 
Bl x—d—b=g 
2 


Th 


* d+ b=+d+6, it will be 
g + d + b as before, becauſe — 4 + d, 
and — of 1 55 0 the firſt Side, deſtroy each other. 


Thus you lee Tranſpoſition agrees with Axiom 1. 
Tyr. I perceive it does; but it is leſs Trouble to 


change the Signs, than it is to add equal Quantities on 
each Side. 


Phi. It is; but fil] Aim I, ſhews you the Reaſon 


of it, which perhaps you might not have known elſe. 


Tyr. Pleaſe to give me another Example, and prove 


it by Numbers ? 
Phi. Obſerve then. a 


ExAmPLE 3. 


* be — Ag aa. Then 9 = d 
v be = aa +4. And ꝙ — be 
x=aa + d + be Anf. | 


Let 


I 
2 
. 


Numerical 


t 
E. 


tw 


— 12, — {= — 8, and aa = 25. Then will it be 


before. 


known Qu antity x may eaſily be diſcovered. 


more Exampl es. 


They I Underſtand Addition very well, and apprehend 1 
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Numerical Proof. PALS, 
The Equaton is x — bc — 4 = aa. Make = be = 


2 | x — 12=25 + 8. Ando — 12. 


2 1 8 8 25. Then - 8. 
3 x 25 + 3+ 12 = 45 =aa + d be as 


And thus you ſee that Quantities may be repreſented- 
by any Numbers at Pleaſure, and the Value of the un- 


\ 


Tyr. 1 wa this very well indeed. Give me ſome 
Phi. I will. | | 


EXAMPLE 4. 


5 K 2418 — K*. And o 
5 * ＋ K, 2 een 8 =32 Anſ. 


|: 17 8 24 — K. Then © — 8 
3 


X - 4 bc aa - 123. Then e bc 
x — d=aa—12b + be. Ando — d. 
x=aa—12b + cd. Laſtly, 9 —13% 
|x+ 12 =aa +be + d. Anſ. 


Do you underſtand it? 1 „ 
Tyr. Yes, very plainly. „ | 
bi. Then we will . to Subtraftion, | in wi 
T ſhall give you the ſame Sort of Examples as in Addi- 
tion, that you may ſee the Nature of both the better. 


'» WW. Id =o 


2 


S R E 


REDUCTION by Sp DA Ca. 


i 
| 
4 
ö 


Subtraction to be only the Reverſe of it. 
Pbi. You are e right, for here you have Nothing to 
do 


— 


"4 
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do but to tranſpoſe the affirmative Quantities or Numbers 


to the other Side of the Equation, and place the NE 
Sign before them. | 


EXAMPLE 7. 


55 4 "Thens 4 5 | 
| | . An]. e Ex. 1. Addition. 


Or, by Axiom 2, ſubttracting +> from each Side, it 
will be the ſame. Thus, 


e. "Then ſubtracting 
X — , it is 
3|x=c—b as 'before; for + b — b * 
each other on the firſt Side. 


EXAMPLE 2. 
Let |ijx+d4+6b= Then o T3 
| FETE nd top = oli 
Or by ſubtracting + 7 x 2 hom each Side. 
x T4 +b =g. Then. 
12 — 4 — 5 = —4— 5 


3 [* g- 4, as above; becauſe + d + & 
El is 4 on the firſt Side deſtroy each — | 


EXAMPLE z. 


Let 1] x + bc + d = aa. Then o + 4 
x + be = aa d. And o + bc 
| ; * da bc. Anſ. 
Numerical Proof. 


The Equation is, x + be + d= aa, Now let + be 
=12, 4=8, and aa=25, Then it will be 


11 x +12 + 8=2c;. Thengp8 
2 | x + 12=25 — 8. And@ 12 

{3| #=25— 8 — 122 5. * — be, 
. | 


Pleaſe 


* 


ſtand it, ſo plain as you have done it. 


Of reducing E QUATIONS, 113 

Pleaſe to compare this with Example 3 in Addition you 
will ſee the Quantities are the ſame, but the Difference 
of the Value of x is 40 leſs here than it is there, becauſe 
you ſee that what is affirmative there is negative here. 
And indeed I am of Opinion, that the comparing of 
them with each other will ſhew you more the Nature 
of each, than many Examples whoſe Steps are not alike, 

and confuſedly demonſt rated. 5 

yr. Indeed I think it almoſt impoſſible not to under- 


Phi, Here follows then by 


EXAMPLE 4. 


Let |: 5x + 8=24 + x. Then e +8. 
2 [F 2 24 - EB+x | I 
3 65 * &, that is, 4* 24 — 8=16, 


See Example 4 in Addition. 8 


EXAMPLE 5. 


Let |1|x+d+be=aa 4 12 3. Then 9 be 
2 |x+ d=aa+i2b—be, Andoed _ 
3|x=aa+12b—tc—d, Laſtly, 0126 


41x — 12b=aa—bc—d Anf. Compare this 


with Example 5 in Addition. 


Tyr. I ſee the Nature of both plainly. Have you any 
Thing further to add? <5 


, 


© Phz. It may not be amiſs to give you an Example to 


exerciſe you in both. 


An EXAMPLE in both RULES. 


EXAMPLE $5. 


4x—g+b+c—d=14: By e - 
4 x + 2 1 
4x +c—d=142+g—6. Then pc, 
[4x—d=142+g—b — c. And ꝙ — 4, 
4 x-=142 TZ —b=—c +4 Anf. 


Let 


Numerical 
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/ 


Numerical Proof. 


Let — g =—8, + b=12, + c=6, and — 2 
16; what will x be? 8 


Then, | 1 [| 4x 812 +6—16= 142. Byp—8, _ 
2 |4x+12+6—16=142 +8. By o 12, 
3|4x+6—16=142 +8 — 12. By@6, 

4 | 4x—16=142 +8 — 12 — 6. And@16, 

l 5 [4x=142 +8—12—6+ 16 Anſ. as above. 

That is, 
6 | 4x = 166 — 18, That is, | 
7 | 4x = 148. Therefore by dividing 148 
by 4, 
8 * = * 2 27 


Tyr. Llike this numerical Proof very much, it is fo 
plain, and the firſt five Steps agree ſo with the literal, 
that there need no more Examples of this Sort. 8 

Phi. I have proceeded indeed but one Step and 
one Quantity at a Time, becauſe you might ſee the 
gradual Order of the Work; but you may as well 
tranſpaſe them all at one Stroke, for it is only uſing the 
1 contrary Sign you know; however, this is left to your 

| Liberty and Practice. LE 

Tyr. I underſtand you very well. Pray what comes 
next? es 

| Phi. Yav are now come to Multiplication, where 

1 you will begin to ſee the Beauty of Equations. | 


s N 


RE DöUCT ION MULTIPLICATION. 


* OW is Multiplication of Equations performed ? 
= H Phi. Multiplication is pertormed as follows : 

| | 1. When there is an Equation between two Fractious 
| having a common Denominator, then caſt away or can- 
| cel the common Denominator, and the Numerators 
| will be equal to each other. 


EXAMPLE | 


Let [12 = 
| 9 
common Denominator, and the new Numerators will 


Let 5 = _ Theſe reduced to a C. 1 


4 


tl 4 * ih 4 
* * 
na ny. wy —— ae 
— — 


* * 
2 
_ — 


— 
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rr 
—— 


= | \ 
_ — TAGEN DB Bea oc 
— as — * 


EXAMPLE I. 


— — 


D- 
* 


2 x = ab. Anſ. 5 
o . 2 | \ ; 7. ; ; 7 
2. Or, if the Fractions have not a common Deno- 


minator, reduce them to one, after which expunge the 
be equal. 


EXAMPLE 2. 


10 


10x 20- 


2 2 Fr that is 


| | ; | rox= zo. Anf. : 3 3 
3. Or, if there be but one Fraction, and that be 
made equal to any whole Number or Quantity, then 


; 


2 


only multiply the whole Quantity by the Denominator 
of the Fraction, and that Product ſhall be equal to the 


Numerator. 


EXAMPLE z. 


| 2 | 9 
Let | 1 = then 25 
ta i nk. 5 Eo 
4. Or, to prevent the Trouble of reducing the Frac- 
tions to a common Denominator, multiply the Nume- 
rator of the ſecond Fra#ion by the Denominator of 
the firſt Fram, and place the Product for a new 
Numeratar over the ſecond Fra#ion, fo will the Nu- _ 
merator of the firſt Fraction be equal to it in the ſecond - 
Step. Then multiply the Numerator of the firſt Frac- 
tion by the Denominator of the ſecond Fraction, fo 
will this Product be equal to the faid new Numerator, 
and the Equation will be cleared from Fractions, and 


the unknown Quantity diſcovered. | 
| Ex Au- 


- I2 
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EXAMPLE 4. 


TS tr  * . 109 E 8 


2 * 
4 | Fee 
1 3 | 4x = 1296, Then muſt 
1296 5 5 
14 * 324 Anf. "of 


| | A 

Tyr. I like this Way beſt, I muſt confeſs, 

Phi. When the Numbers or Quantities are many, 
It is leſs Trouble indeed to do it this Way, Now 
perhaps you will be diverted with the Proof. | 

Tyr. I ſhould be glad to ſee the Reaſon indeed why 

; 8 po 
— is equal to | 5 
Phi. That you ſhall directly, ahd in a few Words. 
Fitſt, x is proved to be equal to 324, as above; then 

58 1 
5. So that 2. = Q. D. 5 

Tyr. Very pretty indeed! But pray give me J. eave 

to ſet you a Queſtion, and to deſire you to do the 


Work at large: I aſſure you it will be of great Ser- 


vice to me, and I ſhall need no more Examples of this 


Sort ? | 
Phi. You know or may know, I am always ready to. 
ſerve you. Pray propoſe the Thing? 


Ex AMPLE 5. 


Tyr. Suppoſe — 4 12 me + 14, what then is x 


equal to? 
Phi. A very pretty uſeful Queſtion, and I will do 
it ſo plain that I believe you will be ſatisſied with 
the Manner of it, becauſe I ſhall demonſtrate it as a 


ſtanding Rule for all ſuch Examples. Let + 12 


br 
:. == + I4. 


3 


DEMoN- 
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DEMONSTRATION 


Firſt, 1 multiply the whole Number 12, and the 
Numerator of the ſecond Frafion, (viz. =), and the 


whole Number 14 into the Denominator of the firſt 
Fraction, viz. 4, and the Products are 48, 8x and 56: 
But whereas the Sign of Equality ( = ) falls between 


the whole Number 12 and the Fradtion , I till keep 


it always in the ſame Place, till I have done multiply- 
ing the whole, therefore it will be in the ſecond Step, 


thus, 3x + 48 = = + 56. Then to clear the ſecond 


Side from Fractions, I now multiply every Member of 
the ſecond Step into the Denominator of the ſecond 
Fraction, viz. 3, except it be its own Numerator 8x, 
and then it will be in the third Step 9x + 144 = 8x + 168, 
and thus is the whole Equation freed from 5 
Now tranſpoling 8x and + 144, I have in the fourth 
Step qx — 8x = 168 — 144; that is, x = 168 — 144 = 24, 
the Value of x required.. (See the Work at large as 
follows, and compare it with what is above.) 


The Operation of EXAMPLE 5. 


33 | BE To 
E 7 „ 4. Then x 4 ef ; 

2 | 2x +48 = + 56. Which * 3,"the 
. + 1! Denominator of the ſecond Fraction is 
| gx + 144 = 8x + 168, T hen 8K ＋ 144z 
IA, nas 8x = 168 — 144. T hat 1s, - | 


W 


PROOF 2. 


1 i 
To prove that * ＋ 22 + 14. | 
| Firſt, 


om * * * 
3 L * 
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Firſt x = 0 as above, then muſt = + 12, that is, 
: EP 4 / 

2 + 12 = 30; and ſo alſo 3 that is 5 + 14 = zo. 
Q. E. D.* | „ SS 2 
Tyr. Nothing can be plainer, nor more eaſy to be 
underſtood. 4 | 5 

Phi. If due Attention be given, as you obſerve, it is 
eaſy enough; I ſhall therefore leave one more Example 
with you, and haſten to Diviſion F 


EXAMPLE 6. 


Let. I 43+ 16 = 3. 18. Firſt 9 


6 
24 + 144 = = — 162. This x 6, | 
'3 | 24x + 864 =27x 972. Then ꝙ 24x and 


EDT. -- 1275 
14864 + 972 = 27x — 24x, That is, 
3 | 5 1836 = 3x. Therefore Fi 
6 == 612 Anſ. 


Again. 
Suppoſe that 36 + = = 72, then will x be found to 
= 48. : EL | 355 


But here, Tyrunculus, you muſt obſerve, that if 
at any Time the Square or Cube of any unknown Quan- 
_ tity ſhould in the laſt Step of any Equation, be found 
to be equal to ſuch Number or Quantity, then muſt 
you extract the Square or Cube Root of ſuch Numbers, 
and you will then have the Value of the unknown 
Quantity itſelf. Thus, ſuppoſe xx ſhould at laſt fall 
out to be equal to 81, then is x = the Square Root 
| N ; and if xxx = 64, then will x = 4, its Cube 
00t. | 
. B. This is called Syntbetical Demonſtration, or Compoſition, . 
and you may ſee this Equation turned into a Problem, and ſolved 

Algebraically, Dialogue 10, Problem 29, E | 
| I XA M- 
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EXAMPLE 7. 8 
| Xx a 8 _ > 
Let | 1 = =44 +5. Then 
| xx = 176 + 20, that is, 
xx = 196. Therefore, 
* * 196 =12. Anf. 


7 


N 


EXAMPLE 8. 
„ 
Let IT +ec+f=adg. . 5 

5 Then, * 5 
12 xxx + be + bf = bag 


— 


yr. I need no more Examples, what you have ſhewn 
me already is ſufficient. ; . 

Phi. You may indeed reduce any ſimple Equation by 
what you have ſeen, therefore - we will proceed. to 
Diviſion, | | "hg : 


4 
. — _— — þ — 


8 a E C 'F; | V. ; | of 
 RepucTion by Division. 6 
Di. P R AY how is Diviſion of Equations per 


formed? ©. | W 
Phi. When any Quantity or Quantities that are 
alike, poſſeſs both Sides of the Equation, divide each 


— 


Side by the ſaid Quantity, (which is the ſame as to 


reduce it to its loweſt Terms) and then will one Side 
be ſtill equal to the other: and if there be Fractions, 
clear the Equation of them, by multiplying all the 


Parts by the Denominators of the Fraction, as in Mul- 


tiplication. | 
, EXAMPLE I. 
Let | 1 xx = 16x + 12x, then = by x, 
Wes, 2 


x-= 16 + 12 = $5, of Axiom 4. 
e Ex Au- 


x \ _ — 
/ , . 


3 8 Wt 
13] x = // bag — be — bf. * | 


V3 * 
9 * 
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/ EXAMPLE 2. ETD 
Let | 1 | xxc + be x + dex = cx + fx. Then e 
2 | xx + bx + dx =x + ffs. Then x, 
3] * TTT .. 


| EXAMPLE z. 
Let ib - c gg. Then , 
SE - 
C2020 8 Anſ. 
Tyr. 1 do not rightly apprehend this laſt Example, 
Can you demonſtrate it by Numbers ? 


Phi. Yes to be ſure, and will. Letb = 8, —(==—4, 
and g = 12, then gg = 144. | 


Numerical Proof of EXAMPLE 3. 


Let | 1] 8 — 4x = 144, then — by 8 44 
| . 


Tyr. I heartily thank you, Philomathes, and am 
mightily pleaſed with it. But if there be Frans, 
what do you ſay I am to do as I did in Multiplication ? 

Phi. Yes, after having firſt ahbreviated the Nume- 
rators, or divided them by like Quantities or Numbers, 

for the Denominators are never divided) you proceed 
then to multiply crofs-ways, as in Diviſion of Frac- 
tions, till you diſcover the unknown Quantity. 

7 7 1 to give me an Example: 

2. WIII. | : ? ; 
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EXAMPLE 4. 


8 |_| 84x 70x | 2 | 
Let |1 rang Os Then * Numerators by x, 
you have 
84. * | | 
| 2 2 Then 7 = x 70 bo 
| ox — 280. © | | 
3 = Then 84 * X <6, 
4 | 84x — 504 = 70x — 280. Then @ ox and 
—504z 
15 | 84x — 70x = 504 — 280 224 that i is, 
6 | 14x = 224. Therefore, | 
| 224. 
* — 16 Anſ. 


Tyr. And can 5 prove this laſt Example ſputheti- 
cally, as you did in Multiplication ? 
Phi. Yes, moſt certainly, if the Work be done right. 


A fynthetical Proof of EXAMPLE 4. 


4 


| : 84 * 16 
You ſee that & is = 16, then 2 that i — 
= 112, the firſt Side of the Zquation. Again, —5 
k 6 N 5 | 
"IX is, 8 5 . Conſequently therefore, 
— 70x QE. D. 79 5 


4 SH 33 8 
7. Not one Thing that you have demonſtrated 
vious me better, nor gives me greater Satisfaction. 
Phi. I will give you an Example or two more, 


N= EXAMPLE 5. 
Let | 4 Alus al ddbxx — dds = dif + dil. Then 


2 xx + br x = fe + fe. Then = x 
31s +bx—1=f +." 


* From x tir ={ +2, me gry by Or N 
„ ee For x X 1 C = = x + bx. 
1+6 EDIT, . 


G | | Here , 


— a. 
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| i Here indeed the known Quantities and the un- 

| known Quantity (which we ſuppoſe is repreſented by 

| | x) both poſſeſs the firſt Side of the Equation; in order 

therefore to let the unknown Quantity æ poſſeſs one 
1 Side by itſelf, do thus: Let the whole Eguation be di- 

it vided by the known Quantity or Quantities, and then 
F will the unknown Quantity x be equal to the Quotient 

1 of ſuch Diviſion. As | 


EXAMPLE 6. | 

. Suppoſe in any Equation it ſhould ſo fall out, that 
j: 4d — xb = e + , what is æ equal to? 2 
Let | I (ure: =c+g. Then +-d=—b 


x = 757 dof 


* Dre ARIA 
2 e 


ExXAMPLE 7. | | 

Again, Suppoſe in trying to diſcover the un- 
known Quantity, all the Quantities happen to fall 
together, ſo as there is no Sign of Equality between 
then, in order to form an Equation, make ſuch Quan- 
tities the firſt Side, and put a Cypher on the ſecond 
Side of the Z£quation, ſo will the unknown Quantity 
be diſcovered. Thus, | 


"i Suppoſe 1111 312, then 1 
11 | 2 12K — 312 So; that is; 
1 "131 12x = 312. Therefores 


1 [ 
i „* 2 26 
| #1 e 


VN. B. See the 9th and 1oth Steps of Problems 18. 
Dialogue 10. | 


EXAMPLE 8. 


| k ; « 
N Let | it | 5x#4 + 8xx = be + 4xb, then = x 

i 2]5xd+8x=bc + 46, then 54 +8 
: 1 3 be + 45 


S 3 
N. 


. 3 
| SECT: 


* 


ak 


1 
ll 
15 
1 
1d 
ty 


18. 
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"SK. U T. 


HFHloto ta canvert or turn EQUATIONS into ANALOGIESy 


and the contrary. 


Tyr. I Imagine that this Sehon depends upon a true 
Knowledge of the Nature of Proportion; does 
it not | = 


Phi. Moſt certainly, and therefore from what has 
been laid down in Dial. 7. Sed. 2. it will be eaſy to 
convert any Equation into an Analogy, or right Pro- 
portion; and eſpecially ſince I ſhall take ſome of the 
fame Equations, and refer you back to the former 


Work, to confirm you the better in what you are 


doing. 
OBSERVATION i. 


When any Equation (not having Fractions) is given 


to be converted into an Analogy, then it will be, as 


any of the Quantities or Factors on one Side are to any 
other on the other Side; {6 will the remaining Quantity 
or Quantities on the ſame Side, be to the remaining ones 


on the other Side, and vice verſa: 
EXAMPLE Ii. 


Let the Equation be xd = ch. See the third Step in 


the Demonſtration. Dial. 7, Sect. 2. 


Let | 1 | xd = cb, then | | 

TTT „ 

3 As x: hο ic: d, Cc. For the i Term 
4| * x (the 4) d (z) e x (3) b, Conſequently 

5 el. | . 4 9 


Fr. I perceive then, this is but a common Proof to 
Proportion. | LS 5g 


Ge 1 Br. 
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Phi. Nothing more ; for if you compare this Example 
with the ſix Ob/ervations laid down in Dial. 7. Set. 2. 
you may make a great many more Steps of it than I 
have done. 55 f 
yr. I ſee plainly the Manner of turning Equations 
into Analogies when both Sides are whole Quantities ; 
but ſuppoſe one Side be a whole Number or Quantity, 
and the other a Fraction? | MO Te 

Phi. Then you are to proceed as follows, 


OBSERVATION 2, 


When any whole Number, or Quantity in an Egua- 
tion is made equal to a Fraction, whoſe Numerator has 
two Quantities and the Denominator but one; then 
break the Numerator into two ſuch Parts, which 
multiplied together, will produce the ſame, and make 
thoſe Parts the Means; then make the whole Quantity W 
and the. Denominator of the Fraction the Extremes. N 
Or in other Words, make the whole Quantity the firſt f 
Term in the Rule of Three, the Denominator of Frac- 
ion the fourth, and the Numerator divided into two 
-F oaks as before directed, make the ſecond and third 

erm. | | 


EX AMPLE 2. 


_ ; - x => = 
„„ 


3115715: . That is, WS =, 
4 IA be. See Demonſtration, Dial. 7. Set. 2. 


Hr. I underſtand it very well, but ſuppoſe both be 


Fractions, how then? | 
Phi. Certainly you forget, Tyrunculus. Pray turn 
back to the fourth Step of Dzatogue 7. Sea. 2. for J 
ſhall give you the ſame Ex ample. Or if you remember 
what I told you in Abbreviations, you will find the 
Analogy will hold as follows. ER 
2 "23 | OBSER- 
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8 5 23 


OsskRVATION 3. 


* 1 £ 


PPP 14. 1: 246 | 
As one Denominator is to the other, ſo will one 
Numerator: be to the other; or as one Denominator is 


S to:its own Numerator, ſo is the other Denominator to 
5 its Numerator. e , 19 ul 
Pi F 2 hen A: f on 1 e 
e 1 00% gay 
2% #1 ig: x 216 7 GC? a, Sc. e. ii £ ness, ALTIEORCS 
— Tyr. I am obliged to you: Have you nothing more 
is / LG TOE 8 GO 
n Phi. I will give you an Example by Way of Ex- 
h erxciſe. e | | 
ce ä 
ty 5 EXAMPLE 4. 
Fe Let | 1|xb+ x4= bd. Then as 
{ſt 2|x:b6::d:b+ 4d. For | 
C- 3} xXxb +d xb + xd, the firſt Side. And 
ro 4 x 4 = ld, the ſecond Side. Or as | 
rd | 5]4:x::b6+4d:d. Or, by adding xd to 
| I each Side, ry | 
6 | xb + 2x4 = bd + xd. Then, as | 
Is, x:b6+x::d:b+2d. Or, taking xd 
| : | 
from each Side, 
8 xb S bd xd. Then, as To 
9: d:: - h, Sc. Sc. conſequently 
10 | xb r H OT ET 
5 Tyr: Then I perceive by the third and fourth Steps 
mo that if one Side of an Equation can be divided into two 
be arts, ſo as to become Extremes (which being multi- 
| plied together, will be equal to the Side before jt was 
PR divided) the other Side being divided in the ſame Man- 
WE | ner, will be the Means, will it not? 
hw Phi. Yes, your Notion is right; and J am glad to 
the find you ſo perfect in what you have done: Therefore 
I ſhall bid you adieu, and leave you to conſider upon 
| _ thoſe Examples, which you think yourſelf leaſt ac- 
28 | Gy quainted 
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quainted with; and when Opportunity ſuits, I ſhall 


be glad to ſee you and your Friend Novitius, and then 
we will pot theſe Examples in Fractice by. . 85 axe 
braic \Preble ee 
Hr. Sir, I am obliged to you; * 1 ol ay No- 
vitius will be as proud of the Invitation. But let me 
beg of you to ſtay a little longer. ue 
Phi. Not now, Tyrunculus, I think TI have wilds you 


a long Viſit; beſides Night comes on a- pace, and 1 


chooſe to go. 

Tyr. Sir, if you are determined to a T heartily wiſh 
you a good thy Br and humbly thank you for your 
Company, and J intend: to do myſelf the he ara of 
waiting upon you very ſhortly. _ - 7 oy 

. When you think proper, Tyrunculus 58 


1 
4 l : ; 
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FRF „ 4 
2 ee , 


| 0 HAF. Wh 
D. IIA L-0:6 U SM 
d 0 oe 8 


Between PHILOMATHES and T YRUNCULUS, 
concerning the Nature of Algebraic Problems, and 


bw to prepare them for a Solution. 


4 >. * Py 


\ py 
3 - 3 _—__— 


th —— —— 
— 


Tyrunculus returning the Viſit to Philomathes. 


HILOMATHES, you humble Servant, 
how do you do? _- | PEE 
Phi. Thank you, Tyrunculus, I am 
pretty well, and am glad to ſee you ſo. 
Tyr. You remember I ſaid it ſhould not be _ be- 
fore I would call again to ſee you; but, perhaps, I am 
not come at a ſuitable Time. 15 
Phi. You could not have hit upon it better, Tyruncu- 
las; it ſuits me quite well; and I was but juit before 
thinking of, and wiſhing for you, Come, pray lit down. 


But where is your Friend Novitins, I expected you 
both together? | | the 2D | 


Tyr. We are obliged to you, Sir, and I aſked him 
to come, as you deſired, and he promiſed to follow me. 
Phi. Well, Tyrunculus, in the mean Time let me 


know how you go on, and what Improvement you have 


made ſince i ſaw you laſt.  _. VV 
Dr. I am afraid it will not bear too cloſe an Exami- 
nation: However, that very Night you left me, I looked 


-. 


over the chief of what you have ſhewn me, and find 


myſelf much more perfect in it. 5 ee 


_ 3 
La, > 2 CR —— — — 
18d —_ & + Wn ere —— „ - —— 


128 Al GEBRN AIG OBSERVATIONS. 


Phi. You have done well, it is all I required, and 
you will be the better able to underſtand the following 
Problems. 

Tyr. 1 muſt confeſs I do not care how ſoon I begin 
to try a few Queſtions, or at leaſt ſee them wrought, 
for you muſt know I am in a Hurry. | 

Phi. You ſhall preſently ; but pray be not ſo over 
haſty : fair and ſoftly, you know, go the furtheſt; and 
I have ſomething to premiſe firſt of all, that will be of 
Service, and help you forward in the Work. 

Tyr. Pray what 1s that ? 75 | 

Phi. It would be requiſite that you ſhould be ac- 
quaiated with the following Obſervations. 


OBSERVATION 1. 


When any Queſtion is given to be anſwered in an 
Algebraic Manner, fir, For the Anſwer or Number 
ſought, put x: Then proceed according to the Te- 
nor of the Queſtion, to add, ſubtract, multiply, or divide, 
until you have formed an Equation, which if it has 
Fractions muſt be cleared according to the Rules laid 
down in MAultiplicatien; Sect. 4. Dial. 8: This done, 
proceed to tranſpoſe according to the Order of Addition 
and Sub traction of Equations, and you will (by keepin 
x on the firſt Side of the Equation) have it equal at lat 
to ſome known Quantity or Qualities, by which alſo x 
will be of Courſe known, and its Value diſcovered, 


CY A 
we wo % 4 


OBSERVATION 2. 


Though it be cuſtomary to uſe for the unknown 
Quantity, yet you may make Uſe of any other Letter 
at Pleaſure. Some Analiſis uſe Vowels to repreſent un- 
known, and Conſonants known Quantities ; but others 
uſe them as their own Fancy and Inclinatian direct: 
But ftill you are to obſerve, the Letter (o) is never uſed 
to expreſs a Quantity, (though indeed the Anſwer 
would be the ſame with this as with any other Letter,) 
and there ſeems to be a Reaſon for it, ſince it is but a 
Cypher at beſt without Integers; and therefore, ſince 

Nothing cannot be Something, by Reaſon of its Want 
or Deficiency, it would be abſurd to put it to repreſent 
| | | any 
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any Number or Quantity; though, as I obſerved be- 
fore, it is ſometimes uſed to form an Equation. See 
Problems 18.: Nep. 10. 5 4; 7 * rity 4 & 8 * : 7 998 3 — * d 
+51 % zug vor long? 2 131 e591 


þ 1 % - A 
e rs ns QBSERVATION. 3. 


' £ 


#431 $303 £9<qw92*o5F7 
If to the Sum of any two Numbers you add their 
Difference, and divide the Whole by 2, the Quotient 
will be the greater Number. Or if you add the Num- 
bers and their Difference together, and divide by z, 
you have the greater Number. 

OBSERVATION 4. 25 
| CCC 

If from the greater Number you take the Difference 
of the ſaid Numbers, the Remainder will be the leſs 
Number. Or, if you add any two Numbers ad eite 
Difference together, and divide the Sum by 2, and 
then ſubtract the Difference of the ſaid Numbers from 
the Quotient, the Remainder will be the leſs Number. 

T OBSERVATION ;. *. . 


: 
. 


f 


| 18 6 * 508 
F have demonftrated, becauſe” you ſhall ſeldom meer 
with it in any Authors, although it is of infinite Service 
in Algebra, I beg therefore you would remember it in 
particular, 1 1 
| G 5 OsskR- 


** * WR ** e 


9 | Or, 5 putting the leſs fiſt, as e: * 2: : ＋ 


20 | The Cube of the greater xxx, or xs 
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ty J T7 
| On5ERvATION 6,” „ 


When any two Numbers are given, and you. would 


expreſs them literally, (we will oſe you put x for 
the greater, and e for the leſs Nu Aber) then will the 
following Steps be of Service, becauſe they will help 
you to underſtand the Nature of a Queſtion, and the 
ſooner to do the ſame, as being a proper and neceſſary 
Exerciſe of the foregoing Rules, by teaching you how 


to expreſs them in their true Order. Thus, 19Y - 
| 

5 Supp ole the greater be a 5 

5 And the leſs Number q 

1 Then will their Sum be x + 6 „ 


|| 
2 
. 
T's) Their Difference x e, e ee 
5 | Their Product x x e, big. ag. 

6 


The Quotient of the greater =_ by the leſs is = 


55 The Quotient of the leſs. by the greater is. — 
| 8 The Order of Proportion, as 3 « ; : 5 = 
; ** 


LY 
10 The Square of the be greater xx, : 

11 |} The Square of the leſs ce, | 

12 | The Sum 951 their Squares xx + ee, 


14 | The Sum of their Sum and Difference 2 x, 

1: The Difference of their Sum and Difference 2 c, 
16 The Product of their Sum and Difference xx — ee, 
17 | The Square of their Sum xx + 2xe + ee, i 
18 | The Square of their Difference xx — 2xe + 2 
"19 | The Square. of their Product xxee, 


| 13 | The Difference of their Squares xx 2 97; | 


| 7 r | The Cube of the leſs _ or es, 


Theſe being Andes dend th may RG to the 


working of the e Alellrai Problems. 


5 e . 


au I ů—— 
I ES N 
5 — 


1e 


„FFF 
vel * 2 wg x4 2 «* OSS Ba 7 : , * JE 
1 n a 4 nr * Jn” bs 1 
. EY 3 « 2 8 - n . — whats = . 
. 4 1 3 5 5 
5 n #3 


PER IS 

bo ry I rer 

9 = SS ee Gaz 
ET = Os LS 8 
— 

pen 


n 


Steps alike if I can, 
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ALGEBRAIC PROBLEMS, or the Solution of Dueftions 
producing SIMPLE EQUATIONS: © | | 


Between PHILOMATHES, T YR UNCULUS, and 
NovirTius,; being a proper Exerciſe of all the fore- 
going Rules. Bel 1 | 4 


Tyr. \ HIS is hat Part of Algebra that I have ſo 
1 long wiſhed to be trying at, and to which 
by your kind Aſſiſtance, Philomathes, I am at laſt hap- 
pily arrived. e E | 
Phi. I am as much ſatisfied, and take as great Plea- 
fure in your Progreſs as you poſſibly can, and I doubt 
not of your underſtanding the Manner of working the 
Problems in a ſhort Time. Only take Care to mind 
the Steps in the zumerical Work, and you will ſoon 
underſtand: the literal, for Iſhall endeavour to make the 
And though you be perfect in the 
Chief of what you have done, yet give me Leave once 


more to remind you of theſe three Things, viz. That 
this Character ($) in any Step ſhews you that the Num- 


ber or Quantity before which it is placed is tranſpoſed 
in the next Step to the other Side of the Equation; this 
(Q.) ſignifies by the Queſtion; and laſtly, to remember 
that to take the 4 or 4, &c. of any Fran is only to 
multiply the Denominator by 2, 3,-&c. which is the 
ſame as to divide the Numerator by the ſame Figures. 
Theſe being obſerved, we will procced to 


G6 


P R O. 


3 „11 wer ore 


* 
* * * 


4+ 4: omen 


DD 


Put 
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PROBLEM I. 


What Number is that which being multiplied -by 12, * 
having 18 added to the Produtt, the Sum will be 294? 


| Numerical Solution. 


1 | x for thi Number, this x 12 

2 | 12x; add 18, it is 

3 | 12x + 18. This Q= 294. Then © 18 
4 | 12x = 294—18; that is, | » 
5 | 12x =276, Then 12 

6 2 


Literal 1 Selution. e 


en * 
i as before x 5. 

2x; add 4 | 
3|xb+c. This Q=2 


„ 

IAA. Then pc. 

8 . Ws 
3 | . 

= Au. 


PROBLEM II. 


2 Number is that, to which i if J add 24, then from 


that Sum ſubtract 8, and multiply the Remainder by 55 
the N will be 3207 


3 


„ Solution. | 


1 | x for the Number, then 

2 | x + 24, then — 8, 

3] x+24—8; this > 5, is 

4 5x + 120 — 40. Then Q. 

5 120 — 40 3a. Byp4o 
6 | 5x + 120= 320 ＋ 40. Then ꝙ 120 
| 7 | 5x = 360 —120 S 240. Therefore 


. Literal 


ind 


55 


eral 


Put 
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| . Solution, 1 
Let h = 24, 6 48 $99: 4 £ 


x as before 16 
x +b | + bes | ; 
x + b — c. This 1 e 
dx + db — dc. Whense . 
dx + db — de .. 
dx + db = f + de ; 
a + de — b4 .. - IP op 
EC 
| mr ee 0 e 


. 1 
. 1 * ,.# Tenn 


FE ao. MH th 3s 


—_— 


Oo 
o JW On ww N = 


« 
* e  ide weer  Hpes 


t But'it is ve be noted that all ſuch like 888 
as a may be performed both ſhorter and eaſier, by 
working only with the Difference of the Numbers, 


and not the Numbers themſelves. Thus, you are de- 
fired in the Problem to add 24, then ſubtract 8. Now 


it is evident that 24 — 8 = 16; therefore if you work 
only with 16, by adding it to the unknown Quantity, 
it muſt be che ſame as to add 24 and ſubtract 8. 83 


* Ld Problem may be read thus : „ 


: * 
— . 


PROBLEM Il. in other Mie 


What Number is that, to which if 1 add 16, and multiply 
. that dum 185 5, the Produc will be 20 * 
3 
Numerical Gde. 17 


Put-: 1174 x as before then + 16, 


I 
2 |x + 16. This x 
'3| 5x +80, W Was CN: © 
| 4 | 5x + 860=320, Then @ 80 
1 5| 5x = 320 — 80 = 240. Then 
240 | 
6 x = WO = 48, as before. 


ax hs. * : — 
* * 


4 . FTdc— bd. Py: | F 5 
* It is evident that: is S 5, - ppp, 


Literal © 


— 


, PO —ů 


* 
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4 
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1 
4 
" 
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. 
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8 
t, 
4 
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4 
AC 
8 
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plaineſt for Learners. 
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Literal Solution. ; 


3 = 16, f= 320, =& 
I MO, 


x +b. This x 4 
xd + d Q. 


Q wn ew 
NR 
N. 
— 
N 
[1 


12152 = 48, as before. 

Tyr. This is much ſhorter and better indeed as you 
obſerve, and I begin to underſtand ſomething of the 
literal Operation, as well as the numerical; but ] muſt 
needs ſay, I like the numerical beſt, I think it is the 

Bhi. Moſt are apt to ſay fo indeed; but when once 
the other Way is known, you will like that as well, 


and to be ſure it is the ſhorter of the two, but I Will 


not ſay the eaſier. However, I will perform all the 
Problems numerically, and ſome of them literally; and 
pray let me advife you to read over every Queſtion, at 


eaſt twice or thrice, that you may underſtand the Na- , 


ture of it the better; for when once you have a true 
and juſt Idea, of the Intent and Meaning of it, you 


may be ſaid to have half done it. : 


PROBLEM III. 


Says Alexander to Epheſtion, I am older than you by two 
Tears. Clitus, hearing E . Thnow J am older than 
both of yau by four Years. The Philoſopher, Caliſthe nes, 

being preſent, ſaid, I remember I have heard my Father, 

who is now ninety-ſix Years, ſay, that he is as old as 


you all; I demand then the Ages of Alexander, Clitus, 
and Epheſtion. | 
| Numerical Solution, —— 

x for Ephe/iion's Age; then will 

x + 2 be Alexander s. Then + 4 


2x + 6 Clitus, Theſe added, 
4x +8 their Sum; whence Q. 


Put 


by Bu 


* NY 


H 


2 * 0 Tai 2 * a7 
n 8 . 


n a n 
„ 
N Lr 


the Signs are all affirmative. - He 10 
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4x +8 =96, Then 98 
4x = 96. 8 8. "herefore 


88 | 
x = = 42 Ephyſion's Age. And then 


x ＋ 2, vi x. 76 +; 2 4 ee 1 
e Clitts's. | ge | | 


| Literal e ry L.= 


t #32 24:4 45 . 

x for E liars xs „% CS. 

* b Alexanger's © 

| 2x + b + d Clitus 8, | 1. Tk | 15 85 

4x + 2b + 4 Sum. Then EY 

3 N . 
3 15 


5 = = = 22 Epbeſtion's ; 


x + 6 = 24 Alexander's 
2x +b + d= 50 Clitus's. 


\O © WW own 


. 
_ 
Py — 


TW 


+> 
** 
I 


4 Wet . 2 , 


8 


4 


Tyr. Mighty pretty ; but why do. you "begin with 


* Ephe/tion rather than Alexander © 


Phi. It would have been the. SIG bad I began with 


Alerander's Age; only then the 24 Step would have 


been x — 2 for Epheſtion, and the zd Step 2x—2 443 
and fo it would have occaſioned more Work, but now 


F.. 15 a 


Vr. 1 am ſatisfted, and begin to ha 4 1 t 


into it. 
Phi. 17 is no fear of your. underſtanding, i it, it 
you mind. '- 


2x0 BL N IV. 


Three . A, B, and C, trade and gain 30800. the 


Share of A is to "be but Half the Share of B; and the 
Share of B one Third the Share of En demand each 
Man's Share? 


| Now to avoid Fraftions, I begin with A firſt; for if 


I put » for B, then 4 muſt be— and C 3x. Therefore 
| 1 umerigal 


8 1 
Clap roy 


Tyrunculus here? 
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0535 1- 425 | 1 

MMumerical Solution. 191 

Put |'r & for-4's ſhare; then is 
2:1.2x }'sShare, and 

3 | 6x C's Share; theſe added, make. | 

+ |, the dum. Wheaee Q. © 
} 5 | 9x = 3oool.. Therefore 

5 000 . e * os *. 

6 „=. ar = 333d. 6s. 8d. A's Share 
7 | And by the 24 Step 666“. 135. 4d. B's 
| 8 | And by the 34 2000 C's . 1 
9 £75 


Their Sum-f"3090. e „ 
2 221715: : 2 Lateral Santi . + -._ 


| As x is put for 4's Share, and the other is 
| double and treble, the firſt four Steps wil! 
| be the ſame as the numerical. Now let 

4 =6 | 


: 1 * £ 7 * 

$ If » ” * # 7 , > 2 id -» i F 4 ON 4 

N 4 1 5 . G | * 4 * 
& K bl - 0 * - 
* 0 
2 — "OF" "RR * 4 Us * 
4 1 5 4 — 7 
\ 


1 


on 


\ 
i 


[11 
S 
* 
S 

4 


* 2000 
Sum = L. 3000 as before. 


5 

6 | 
K 4 7 
8 
19 


Do you underſtand theſe Operations 
Tyr. The literal Part I am not at preſent ſo much 
acquainted with, but the numerical appears quite plain 
and eaſy to me; I heartily wiſh New:t7ys was here, he 
would be ſo pleaſed to fee ſome of thoſe Queſtions 
which puzzle him demonſtrated in ſo eaſy a Manner. 

Phi. — There is a young Gentleman now 
coming up the Walk. | 

Tyr, Perhaps it is he— | 
Door, for I know he is quite baſhfyl— {+ 

Phi. Stay — give me Leave, Tyrunculus; it will 
look better in me, and he will take jt kinder at my 
Hands — 5 e, 

Nov. Your humble Servant, Philomathes Pray is 


o 
- 


It is ſo—I will go to the 


"Phi. He is, pray come in, Novitius. 


. Nov. 


7 
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Nov. Sir, — Friend Tyrunculus, how fare deu? 

Tyr. | am a little vexed with you for ſtaying. 

Nov. I aſk Philomathes's Pardon in particular—I was 
unexpectedly prevented by an Acquaintance. 
 _ Phi. Well, Neovitius, we will not uſe ſuperfluous 
Ceremonies at this Time: "TIO fit down, I am glad to 
ſee you. | | 

ws Sir, I thank you. 

Phi. Your Friend Tyrunculus was ſaying you had 
ſome Queſtions to aſk me that had puzzled you pretty 
much, pray, what are they? 

Nov. Only ſome few of Mr. Cocker” 8 and De-Billy S, 
for ſeveral of them are ſo contracted in the Work that 
I cannot underſtand them. 

Phi. To do Juſtice to the firſt Author, I Ae not 
a prettier Piece for Learners on the firſt four Rules of 
Algebra ; but I confeſs he is a little dark in ſome of 
the Operations. Come, I have. him by me, and pray 
do you look out thoſe Queſtions that puzzle you 
moſt, and we will work them more plainly to your 

Underſtanding. 
| * Nov. Pleaſe then to begin with his fifth' Queſtion. 

Phi. There are Fractions concerned in that; there- 
fore I think we had better begin with the more eaſy 

ones firſt, and take the harder as they come in Courſe. 

Nov. It is true; do ſo if you pleaſe, |, 

Pha. Obſerve then, . 


8 ** ©” 
2. 2 OS —— — — 


—— — ——— zo re Ca ns 
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* PROBLEM V.—Cecher's £th Queſtion: 
5 A Labourer received 21. 8s. for threſbing 60 Duarters of 
| Corn, viz. Wheat and Barley; for the M heat be re- 
ceived 12 Pence a Juarter, and for the Barley 6 Pence: 
How many Quarters did he threſh of each, 


Numerical Solution, 
| 1 | For the Quarters'of Wheat put x, 


2 | Then as both together are but 60 Quarters, the 
| | Lo Barley muſt be o- -x“ | 
3 | Now » Quarters of Wheat, at 12d. a Quarter, 
IS; © 93 | 5 
| | | 4 | And 60—x Quarters of Barley, at 6d. is 360—6x- 
& | Theſe two are equal Q. to 48s. or 576 Pence; | 
| whence 12x + 360 — 6x = 576. | 3 
{16 | Then 360, + 12x — 6x = 576 — 360 | 
- | That is, 6x = 576 — 360 = 216. 


| 1 8 Therefore x = — = 36 Quarters of Wheat. 
19] And by 2d Step 60— x, or 60 - 36= 24 the Barley. 


Literal Solution. 


Let 5 = 576 Pence, c = 60, d= 5 7 6 Pence. 
„e 


c—x Barley. Then x x4 1s 


I 
2 
3 | dx for the Wheat, and fxc—x is 
1 + | - for the Barley. Whence CG. 
| 5 hen 
6 
7 


w 


dx + fe — fx =b, or 576 Pence. 


5 — fe 6— 360 
=; that is, „ = 


| x == 


'Y above, Wheat; | 
© | | 3 | And c— x, or 60 — 36== 24, the Barley. 


| |  * Thoſe Problems that have an Aﬀeriſk before them, are inſerted 
| by the Deſire of ſeveral young Algebraiſts, who wanted a plainer 
and eaſier Demonſtration than in the Original: And to ſuch as are 


| unacquainted with either of the Authors, they will be equally ſer- ö 
| viceable, as if they were new ones. f 


| Por. 


3 
7 
? 
4 
; 
1 

i . 
4 
F 
2 
1 
; 
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PROOF, 


36 Quarters, at 14, 366. 
24 Quarters, at Gd. = 12174. 


485. OY GY RAE IF 


Nou. I underſtand it quite well. TY 
HBr. So do I both the Ways. 
Phi. I ſhall not write againft the literal any more, 
but leave you to compare it with the numerical Work. 


= 
. 


* PROBLEM V1.—Cocher's 10th Queſtion, © © 


A Gentleman hired a Servant for 40 Days, upon this 
Condition, that every Day he wrought he was to receive 
20 Pence, and for every Day he was idle, and did no 
Wark, he was to pay 8 Pence. Now at the End of the 
Time he received 156. 4d. How many Days did he wark, 
and haw- many was he idle:e?ꝰ? 


Numerical Solution. 


1 | For the Days he wrought put x, 

2 | Then will what he played be 40—x. EO 
3 | Now * Days wrought, at 2od. a Day, iS 20x. po | 

4 And 4o-x play'd at 8d. a Day, is 320—8x | 
5 
6 


: 
| 5 | Subtraft the 47h Step from the 34d Step, it is 
1 „ 20K — 320 ＋ 8x „ OO 3, QED IHE 


This being his Due is (Q.) = 15s, 44." © 
Whence 20x — 320 + 8x=184d. 

7 | That is, 284 — 320 2 184, 

8 | That is, 28x =184+320=504, 

9 


o 1 And by 24 Step, 40 = 22 idle. TT. | 
FY ' ; 
5, e Titeral 
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Literal Solution, + 


Let b= 40, c=20, T=3, and f=184 Pence, vix. 
155. 44. 


| x Days wrought, 
| 8 


3 ax... Whence i TS Tr 
i 8 3 
N + 4 

r —— 7 =18, as before, the days he worked 


5 —x=22 idle. 


* : 


© Ww Om Ew N - 


PR Oo EL 
| 18 Daves, at.204. « Ys, n Sn 
22 idle, at 8 d. a Day, d 14 36 


Due at laſt 1 


* PROBLEM VII —Cocker” 5 6th Queſtion. 


Two Perſons, A and B, thus F/ 7 of their Money: : 
Says A to B, give me 3 of your Crowns, and I fball 


have as ma 71 e and ſays B to A, give me 3 of 
{ have o T5 3 


yours, and mes 'as Kang: as u. 1 
demand the Number each bad: . 1 


| Numevled Solution. 


Tor the Ne. A had at firſt put x, 
Then by B's giving him z, he will WAY x+33 
Eine, as this makes B's equal, B will alſo have 


I 
2 
3 

Ps kind fore B had at firſt x + 6; 
5 | And if A had given him 3, he would then have 
6 


x+9 
And = the ſame Reaſon A would have had 


171 
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17 Now B (Q.) ſhould have 5 Times this Num- 
| ber, vix. 5x — 153 
8Wbence this Eguation, 5 — 1 & + Yo; 
9 n FER 155 
10 That is 4x = = | 


11 Therefore —— mich Ei Number of Crothe; | 
112 | And by the 4th Step x +6=12, B's. 4 


Literal Solution. 


E Let 23 Crowns; then by comparing the Steps, | 
II ; - 
Þ.=® x +6 'E 

3}x +Fe, * 

41x ＋ 20, 

5 | X ze, 

6 | x — e, 
211 

8] 54 — 5e + ze, 
2 7 ＋ se, 
10 | 


| 4x = ge Wo 
8e 1 
25 26 As. 


2 l 26,,=12, . 


ME. TP: > OT S 


B 12+3=15=3X5. 


Nov. I am perfectly ſatisfied, it is done ſo plain, 110 
the Steps are built upon Reaſon itſelf. 

Phi. It is upon Reaſon itſelf that Algebra depends 
and a Queſtion laid down in a good and clear Light, 
is the Learner's chief Guide. But now for ſome that 
require Fractions, for I ſuppoſe: you underſtand them! 

Nov. Yes, I think I do pretty well. 

Phi. Here follows then 


PRO- 
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* PROBLEM VIIL—Geder's 5th: 

There is a Fiſh whoſe Head is 9 Inches lang, and 511 

Tail is as long as his Head, and Half as long as his 

Body, and his Body is as long as his Tail and his 
Head; I demand the whole Length of the Fiſh, 
11 For the Length of his Body put + | 
2 | Then will his Tail be = + 9, 3 
1 31 And his Body ſhould be as long as his Tail 

NE Ba x | ; 

and Head, viz. 2 +9 +93 Bay 

W hence (Q.) this Equation x = 2 + 18; | 


7 ; 

6 | 2x=x + 4b. 
6 | 2x — x = 4b 
7 

8 


4 
| 5 | This * Denominator 2, is 2x = x +36. 
{ 6] Then@ x, 2zx—x=36 
7 | That is, x=36 his Body, | 
8 | And by 24 Step, = + 9 =27 his Tail; 
9 | To which add 9g his Head, 
1 19 Their Sum is 72 his Length. 
| | Literal Solution. 
| Let b=9, 
N 4 
i E125 + 5 
0 Sat = ; 
5 3 
| [4 |F=TF + 26 N 


* 246 36, Body: 
= + 6=27, Tail. 


12 


__ * PROBLEM IX. His 1275 Queſtion, 
One aſted a Shepherd the Price of his 100 Sheep. No, : 
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Pd 
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replied he, if I had as many mare, and Half as many 
; more, and ſeven Sheep and an Fr, tf, 1 W then have F 
| 100. I demand the Number | 
Numerical Solution. 4 | 
Put | i | x for the Number, then [/ 
2 | x as many more, and 1 
j x | 
13 is s Half as many more | = | 
— 14 , 2. 7 four Steps added I | 
| 5 2x += + 74 * Whence ( | 
| | 1 
13 
6 | 2x + 25 7 7 = 100; This reduced 
| 7 |4x +x + 15 =200, Then @ 15, 
8 | 5x 200 — 15 2 185, Therefore 
+ | 
[9] x= et ns 37 Anſwer; | 


bh 


| 


Literal Solution, 


Let 35 75 25 C= 100. 


114 


2 


3 
4 


bs. 


b, 


5 


| 2x-+= + 5 Sum (Qs) 


622 I T be 
4x + x + 2b== 2c, 
5* D 2c — 26, 

20 


7 
8 


9 


2C — 


12 y 


5 


= 37. Au. 


EY 
* 
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4 Gentleman bought a Cloak of a Saleſman, which coff 
him zl. 10s. and after he had bought it he defired the 
Saleſman to tell him ingenuouſiy what he gained by it, 

sfwered I gain j 
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*PROBLEM X. His 9th Queſtion. 


Z Part of what it c 


oft me. Ii 


is demanded what the Cloak coft the Saleſman. 


| 


| Namerical Shlntimn. 
1 | For what the Cloak coſt the Saleſman put x; 


Then his Gain or Profit will be 5 3 
| Theſe added are equal to what he ſold it for, 


4 | Therefore (Q.) x + —= 706. 


This reduced, 4x + x = 280: 
Pit is, 5% = 280. 


Therefore x 


Literal Solution. 


Let e E 70. 


* 


a le 


56 as before 


PROoOr. 


or, 


OF. 


4p 37 1 85 | 101 „ nei ei 
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- PROOF. 


Coſt him | 86.6. 
Gaine 2 145. 


Sum S 70 s. it ſold for 


* PROBLEM XI. His 11th Queſtion. 


A Perſon in the Afternoon being aſked what o Clocł it 
was, anſwered, that 3. of the Time paſt from Noon was 
equal to +5. of the Time to Midnight. Now, allowing 
24 Hours to the Day, and beginning to reckon from 
Noon, I demand what Hour it was W the refine 
was aſked, 


Numerical Solution. 8 


11For the Hours ſought from Noon put x 
2 | Then will the Time to Midnight be 12 — % 


; * 
3 ra of 19h. 
7 EO 60— x. 
6 5 And i of „ 8 


15 S 
5 The (Q.) are equal. kane wt 8 1 


6 This reduced, viz. firſt x Denominator 55 is 


300 — 26%" 


1 


7 | Then this x the Denominator 8 will be 24 
300 , 2 5 

i Then @— 25x it is 24x + 25x = 300, 

9 | That is, 49x = zoo. | 


3 4 
ia Therefore x === = 6: EY 
| + 
25 "Yon 70 

"I 


6 | 4 
80 that it was 49 paſt 6, chat t is 57 "26" 4 8 ? paſt 6, 


a | . i 


1 4 | 
11 And by 24 Step i tae no 


* 


—— 
+ 


W e 
r 4 
* * 


* 


19-5 + r . 


0 . 
— 


ne 
op ewe] 


/ 
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11 


Sum = 12 Hours. 
Literal Solution. 


e d d 12 

„ 

1 | x as above, | 

2 | d—x, 

3 ar, > 

| 4 cd — Cx © 

6 | by + cx = cd, 
" 

7 „ 

112 or 6 25 as before. 


7 1 — 3 3 


Nov. This is plain, upon my Word, and J perceive 
6 431 is the ſame Anſwer as Mr. Cocker's; but till I 
never could know, nor do JI yet rightly apprehend from 
whence this +++ proceeds, and therefore I never could 
make the Anſwer chime in with his. 4 


Phi. I muſt own that a Man had need to underſtand 


Frattions quite perfectly to find ſuch Things out to his 
own Satisfaction; for it is not every Learner can do it. 
Obſerve. then, the Anſwer is x = Xx 12 +4 +45, 


Now z x A =£©2, And + + ; being reduced to a 


common 9 5 and ang, Weir Sum will be 
24 and 38 (that is 28) by which divide <7 it is 2422 
9 40 +0 : * N 
= 6 72 as before; and therefore the Hour to Midnight 
5 334+ = 5 45. = 5 | 
Tyr. There, Novitius, is that plainly demonſtrated 


or not ? | 


Nov. Quite plain indeed! And now, Philomathes, 


I will aſk you to work the 6th Queſtion and no more; 


for the 5th Step I neyer could apprehend, it has puzzled 
me many a Time. | Phi 
hi. 


i 2] Then will 4's Legacy bez — 45 = 7 


”* 
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Phi. I muſt confeſs I was a long Time in Gadiog' it 
out myſelf, and though the ſame Queſtion be in Mr. 
Mara, it did not anſwer my Expectation ; for ! found 
it out by Mr. Cocker*s Method at laſt. :_. 

Nov. But then he abbreviates his Numbers and 
Fractions, and gives no Reaſon, and this puts the 
Learner to a Stop.* 

Phi. It is true he does ſo. Well, Novitius, all I 
can ſay, is, I will work the ſame Queſtion numerically, 
and leave you to judge which of the three Ways are 
the eaſieſt to be underſtood, ſuppoſing had them 
now all before you. | ; 


13 „ N N 
* PROBLEM XII. Cocker's Gabe? and | Ward's 
31/7 Queſtion, 


4 Father lying at the Point of Death, left his three Sons, 
A, B, and C, his Eſtate as follows. To A be gave 
wanting 441. to B he gave 3.and 14. over; and to S 
he gave the Remainder, which was $21. l eſs than the 
Share of B. 1 demand the Father 5 a in * 


Money. 


* / « * + y 
77 f 


Numerical Solution. 5 


4:4] For the Eſtate put x, 


| 3 Ne fg ys 8 


| 4| And C's being 82 leſs, i is = "+ 14 — ES 


5 Theſe Fractions being fir{ reduced to a common 
Denominator, and added, the Sum of the 
21x: 


+. os Wbole is g or = + 28—126, This (Q) 
| | equal to the- Eſtate o 


4 
. * 2 


6Whence this Equation 7 4. 28 — 126 by *. 


* See the Preface. 
H z * 171 


A 
> VF. 


* 
—— Cw. 


* rb pong y 1 
— — * 3 a * - 7% 8 
* 5 D 
—— —ñ—ꝓ oo 1 n 
1 3 


1 


, 8 
|» 
110 


Hs Shark + — 44 = 250 = — — 44 by 24 Step. 
He 


585 821. leſs than B = 128 = - + 14 — 02 by 4th Step. 


Nov. 
then I perceive that Mr. Cocter's 5th Step before 


| 1 21a 
Abbreviation was — + 2c — 5 — d. 


Phi. 13 — are right, and one 3 think a 1 

might eaſily perceive it if he would be diligent. 

Nov. You know, Sir, a ſmall — turns the 
Learner quite out of his direct Path. I have now with 
me James de Billy's Algebra, but it is wrought in ſo odd 

a Manner, that I cannot make out any Thing by it. 
I could wiſh you would work NG of his Queſtions 
numerically, 

Phi. Which would you have me begin with ? 

Nov. His 24 CN, if you pleaſe. 


* PROBLEM XIII. de Bully s 24 Queſtion. 


A Hare is too Yards di Rant from a Deg, and both flart- 
together, the Dog ran 21 Times faler than the 
re: It is ee how far the Hare will have run 


A. 


before the Do 4 overtakes her? 


Then ꝙ 6x, and 588, it will be 9 6x = 588, 
2 hits, r= 8 Eſtate. 


ALGEBRAIC PROBLEMS. 


git 28 — 126 being the ſame as — 98, it will 
be = — 98 Sr. 
This reduced 7x — 588 = 65 


SM *: = _E * MESS 34 Step. 


— — 


588 The Eſtate 
I heartily thank you, kind Philomathes; 


Numerica. 


Q ve 


fe w 


Ts 


F Hp 344 . 
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Nr cond N 


| For the Yards the Hare ran put x, 


Then will the Dog, whey he overtakes her, have f 
run 100 x. 

Now becauſe he run 21 Times faſter than the 
Hare, take any two Numbers bearing the ills 
Proportion as 5 and 2, then 

of Soar ts: 3 c*: 2 :: 100 ＋ K: % 
ultiplying Means and ' Extremes, 5 = 20 


Then „ gy 2 = 200, 


That is, ————— 3 = 200. 


| 200 5 4 
Therefore x = — =662, 1 


And by 24 Step, 100 + x = 1665 
So that the Hare run 66 F 1 Yards, and the „er 


ET > 


| + Note, E From thing we have, 


200 . 
3: 2: : 100: ( =} x. See Euclid, | 


Book V. Def. 16, and Prop. 7. Epir. ; 


— PROBLEM XIV.—His 11th Queſtion. | 
4 certain "Man agreed with his Servant for 12 Months 


Service to give him 10 Crowns and a new Coat; but 
diſagreeing, he at the End of 7 Months gives him the 
Coat and two Crowns : I demand the Value of the Coat? 


dh 


Numerical Solution. 


For the 8 of the Coat put x, , 11 
Then will this and 10 Crowns be his Year's 
N x + 10. 


Now to find one Month's Wages fay, 3 Ws 

x + 10 | $31 

As 12: x i TUES: 
- I And 
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4 | And becauſe he had 2 Crowns and the Coat for 
7 Months, ſay, e 
| x + 2 


I As 7:x F2itl rm — 7 
{ 5 | Theſe, being both 1 Month's Wages, are equal. 

x +2 x+10 | 1 
2 | Whence 5 . 


e 5 BE 72 ; 4 | 
| : = | 7 | x + oO 

| This x the Denominator 7, is x + 2 = 2 = Z 

+ This x 12, the other Denominator, 12x + 24 = 

7x + 70; then ꝙ 7x and 24, | 

 I2X — 7x 5 70—24, that is, 

TEAS 9 8 


* 
- * 
— W 


o A O 


10 | Therefore x = £. = 9 Crowns. | 
So that the Value of the Coat was 9: Crowns, 


I or 4% Shillings, to which add two Crowns, is 


{ 56 Shillings that he had for his 7, Months Ser- 
| vice; and for the Year's Service, had he ſtaid, 
| | X + 10 Crowns by 24d Step, viz. 96 Shillings, 


Note, This Queſtion may be very eaſily anſwered 
by common Arithmetic. For, as the Wages for 
12 Months are 10 Crowns and a new Coat, and for 


7 Months are 2 Crowns and the Coat, it is plain 


that 8 Crowns are the Wages for 5 Months, Then 
5:8: 5 7: * — 115 Crowns, the Wages for 7 Months; 
and if from this we take 2 Cro ns, there will remain 


94 Crowns, or 46 Shillings, the Value of the Coat. 
| | N x | EviT. 


* PROBLEM XV.—His 1625 Queſtion. 

A Man having a certain Number of Crowns about him, 
defired à Stander-by to gueſs at them, who ſaid, you 
Have 600 perhaps. No, ſays he; but if to what I have 
were added 2, J, and I, and from what I have were 
ſubtracted 55, 1 ſhould then have 600: I demand the 
Number he had about him? | Fo 
£1 | Note, 


— 


| Whole as follows. 


| in all? 


FFT 
C ; 
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Note, As.in Problem 2, fo here alſo make the Sub- 
traction firſt, and work with the Difference only. 
Thus, 2 22 55 2, reduced to a common Denominator, 
will be 77, of 1:44 = 1; from which take +5, 
there remains 1 whole Integer. 80 1 chat ſuppoſing IL 
were to put x for the Number, then Z added, 
Bickerence 


and 7+ taken from it, x will be the there- 
fore 2x, = 600,, and x = 309 the Number, Lo fee the 


1 | For the Number ſought put x x, 


& X X 


— 


2535 4. g 

31 Add theſe, it is 24 ES | =, 

4 | From which take 12 Liz. =» 

5 1 There remains only 2x. Whence (Q) 25 boo. 
6 And therefore x = 300 Aunſ. 


oi I heartily thank you ; this appears plain enough 


to me. I will trouble you to work one more, if you 
8 and that is bis 7th Queſtion, for this is quite 
dark to me. 


* PROBLEM XVI. His 7th Queſtion. FD 


4 certain Pb bought a 0 Ell of FV. TOR | 


which he ſold again; be bon _— Its for 7 Crowns, 
and fold ſeven Ells for 11 Crowns, 914 gained 100 
Crowns in oy; _ demand bow many Elli 20ers 4 were 


. 


Numerical Solution 


| 1 | For the Number put æ, 


2 | Then, if 5 Ells be 7 Crowns, whit will bel 2 
31 Then if Ells be ſold for 11 Crowns, what will 


* 1 
x fetch? 9 2 1 77 


H 4 141 


2 
2 Then © 5 Tee: than] is, = oh — as before. 
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| 6 
| 4 The Difference of hols ſhews his Gain 5 * 
7 


{ 
6x 
; G This (Q.) = 100 > Crowns.  Whence 35 = 100 
16} This reduced 6＋ = Lito Ts AO 


7 Therefore 4 BE = 5834. 


BY * 5 the Number was 5834 Ells bought and 
| : Old. 


Prove. 


If 5 Fills be > Crowns, what is 6832. 45 . $162 Cr. 
11 > Ells be 11 Crowns, what i is s 5837? ? Anſ. 9165 Cr. 


He gained 100 Cr. 


= Note 1. The Fraction D and —5 are firſt reduced to a common 


; : , ; 0 
Denominator, and then the Difference you will find is = 45 


Note 2. This Queſtion ma be eaſil anſwered by Fractions 
without Algebra. W F M . EDIT « : 


PROBLE 1 | xvIt. 


There are two Numbers whoſe Sum is 240, and the Greater 


has the ſame 9 to the L255 as 17 to 3: 1 —_—_— 
the Numbers? 


i 


Numerical Solution, 92 


111 For the Greater put x, | 

i 2 | Then will the Leſs be 240 — x. 

| 3 Theſe (Q.) have this Proportion, 

| aS7:3;:X:240—x._ 

4 | Then multiplying Means and Extremes, 
gx = 1680 —— 7x. : 

Then 8. — 7%, it is 3 + 7x = 1680, 

'6 | That is, 10x = 1680. 


- 1680 


| 7 7 RES x =— = 168 G. Nod 


And by 24 Step 240 - x = 72 L. Number. 
Note, 


\ 


ate, 
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Note, This Queſtion may be anſwered, by common 
Arithmetic, as follows: oi EE $4 Er BY 
As 7 : 3 : : Gr, No.: the leſs; and therefore, 
As 10: 3 : : Sum of the Numbers: the leſs; & e. 
Ab 10 775: : 10 . W 0. 


We, ROBLE * XVIN. Mtg 


A certain Taper went to an Alehouſe, and borrowed as 
much Money as he had about him, out of which he ſpent 
a Shilling; then he went to a 2d Alehouſe, and borrowed 
as much as he had then about him, and ſpent a Shilling; 
and in like Manner he went to a 3d and 4th Alehouſe, 
borrowing as much as he had left at the former, and 
ſpent a Shilling; but after he had ſpent a Shilling at 
the 4th Althouſe he had nothing left: It is demanded 

' what be had firſt about im? gn +. [1 


—_ Numerical Sinn., oo \ 
For what he firſt had put c xx gf 2 
Then by borrowing as much he had 2434 4 
And when he had ſpent 12 Pence, had 2x — 12, 
Then by borrowing the ſame, had 4K 24, 
And by ſpending 12 Pence, had 4x 36 , 
Then, by borrowing the ſame, had 8x — 72, 
And by ſpending 12 Pence, had 8x — 84. 
Then by borrowing the ſame, had 16x — 168, 
Then by ſpending 12 Pence, had left 16x — 180 
That is, had nothing left. Whence (Q. 
s 16x —180'=0o, 

11 | That is, 16x = 180. „ 30 -vA auld 


OO OWN On +> ww NN - 


12 5 Therefore * == ws: :; \ 
| | So that he had at firſt 114. 4. 


Note, This Queſtion may be anſwered without Al- 
gebra, as follows: Since he had no Money left after 


1 
f 


he had paid 1s. at the 4½ Alehouſe,' Where he bor- 


rowed 2, 2. e. 64. it is evident that he brought 6d. into 
that Houſe, and conſequently had 54. left after he had 
paid 15. at the 34 Alehouſe. And by reaſoning in this 

459 e 8 Manner 


— 
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Manner we may eaſily find what he bfought into the 
24 and 1/7 Houſes. cs h Ty, 


Left at 34 Houſe —— — 64. 
Had before the Reckoning was paid — 184. 
The z of which was borrowed. — gd. 
Therefore he brought from 2d Houſe — gad. 
And had before Payment — — 214, 
The + of which was brought from 1/7 Houſe 104. + 

Where he had before Payment — 224; 


But as Half of this was borrowed, it is evident that 
he carried into that Houſe 11d. 4. Epir. 


One being aſked how old he was, anſwered thus: 
Tf to the Number of my Age you add 
The one Half of three Fourths, and 14 more, 


The Number 58 will then be had : 
What is my Age in Years above a Score? . 


Note, As the Queſtion ſays, if you add 14 to his 
Age, it will make 58; ſo conſequently without adding 
the 14 it will be 44; therefore working with 44, with- 
out adding 14, will be better than to work with 58 and 
14 together, as you may obſerve in Problem 3d. 


S 


| 3 Numerical Solution. 
ol lag by adding z of 2, that is, 3, it is x + 5 
{| | This (Q.) = 44 Whence x + 5 = 44. 
3 | This reduced 8x + 3x = 352. + 
14 That is, IIX = 352. { 
5 
6 


| Therefore x = = = 32, 
11 


680 that his Age was 32, 12 above a Score. £4 
e PR O- 


Na- 
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PROBLEM XX. 


A Citizen riding his Rounds to receive Money dus to him, 
came to 4 Place in which he had three Debtors, A, B, 
and C, but when he came to examine, he found he had 


loft his Pocket- Book, in which was each Man's ſeparate 


Bill. Then ſending for them all 10 an Inn, he tells them 


the Accident; but they pretended they did not know what 


. , 
j 


was due to him, having loft the Bills that came with 


the Parcels. The Gentleman thinking he bad got ſome 
ſlippery Chaps to deal with, endeavoured all be could to 
ave himſelf the Trouble of ee 3 and this 
he did from the following Data: nes 


e remembered ver) 
well that A's and B's Debt together made 131, 108. add 


A's and C's Debt together 311. 10s. and B's and C's 
together made 37l. 10s. It is demanded what each 
Man's particular Debt was ? | BE 


_ 1 | For As Debt entre lx Tm FER 
2 | Then as 4's and B's together is 270. B's is 
1,2 ms: mi onyumu th wot 1 
3| Then as 4's and C's is 6305s. C's alone is 630 

1 . "BEG Ins 142 | 
| 4 | Now (Q.) B's and C's ſhould be 7506. but is 
god — 2x. 5 „ 

5 | Whence this Equation 750 = goo —=2x, | _ 
6 „ 5 Ig — — 70. + 22 =/goo; 

| 7 | And © 750, — — — 2x = 900 — 730, 
8 | That is, 2x = 150. e FY 7 

ji 9 | Therefore * r 758. 1 | 
10 | And by 2d Step, 270 — x = 195, B's. | 

11 |-And by 3d Step, 630—x= 555, C's. 

68 $5.4 =} © 5. „ 
So that Is Debt was 3 i5 © © 
. Oy 
| C's — — — 27 15 
H s PR O- 
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PROBLEM XXI. 


A er e e robbed a Gentleman of, a certain Sum of 
Money, but being ſeen by three Men, A, B, and C, 
they purſued and took him; but he promiſed to make 

them a handſome Preſent if they would let him go; to 
which they agreed. To A he gave £, and A returned 
him back 61. And to B of what was left, who re- 
turned him al. And to C he gave & of what he had 

then left, who returned him back 21. And after he had 
rode off, and came to tell his Money, he found he had 

given 3 of it away © I demand the Sum he took from the 
„„ TIER TIS: 5 


3 — 


5 nn _ Nn . — — 2 — — © © -> BODY, » , 
— — 6G wew.* 237 r . Y 0 4 5 . + 
6 _ — d. 2 1 4 ” ö A 9 i - 
ISVS 3 — : 5 
- —— — 2 
— - 2 2 — 5 
g . 2 
8. A — A - ———— — — 
9925 —— 


Numerical Solution. 


RT: 


oy , ec 6 
2 6 — . 
— — — — — — — 2 7 —— 

— 2 Re 

— i N . 


For what he took in Pounds put x, 
Then by giving + he had the ſame left, = E 


4 — 2 — 
oy - — 
— * , — 
ery 1,9 


And by Is returning him 6, he had = +6 
This he gave B of, V1Z. = +2; 
And conſequently had himſelf 4,-viz. = FOR 
"EF + 4 5 

And by B's returning 4, had 5+ $51 

This he gave C of, vix. 7 + 2, 

And conſequently had in Hand 2, vis. = + 6, | 
| And by C's returning 2, had =-+ 8, or = +8, 
This (Q.) = 2 of what he ſtole, Whence 
Xx * | | | 


MT Ro - 8, 
3 . * 


Jr] 


a DA. * ee. et 


One being aſted how many Children be had living, « an- 
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11 Then multiplying by the Denominator 35 


** — ＋ 24. 

12 This x the Desing 4 4. 4x58 35 + 65. 

13 Then ꝙ zx it . e Ca 

14 | That is x =L. 96 An. 

| So that he ftole = 96; of which: 4 had 2, B th 
| _ C £.8, which dame make = 

0 96. 


PROBLEM XXII. 5 


wered 3 Times as many as be had buried; and being 
aſked how many that was, ſaid, that i, the Number he 
had loft was multiplied by the 5 Part of what remained, 
it would be equal to the Number he had at firſt : I de- 


mand how many he had loft, and hoi many he had l. N 4 


Numerical FEE CA Fo fans 


I 150 what he had loſt put x, 
2 Then will the living be ze, 

3 And conſequently he had at firſt bv. 
4 


n . W os. aan 


: Now 5 of what was left is E or 


K 
1 This multiplied by the loſt, viz. x, is ax 


6 Thie (Q) equals his Number at firſt. Whence 


Sb. 
This reduced, XX = 12x. - 
Then dividing by x, —— —x= 12, loſt, 


And by 24 Step, 3x = 36 living. 
Their Sum by 34 Step is 4x = = 48, at fiſt. 


OO oN 


2.4% PROs 


— 2 — — ON ———__—— — — 


— 


4 
A 
al 
* 
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PROBLEM XXII. 


One being aſked how many Teeth he had, to avoid a direct 


Anſwer ſaid, that he had laſt the à Part of what he then 
had, and being aſted how many that Was, Jaid, that 1) 
what he had 7% were multiplied into the 4 of what 
had left, and the Square of what he had loſt was added 
to that Product, it would be equal to the Number he had 


at firſt, Or otherwiſe, if what he had. loſt were mul- 


tiplied by & of what he had left, it would make juſt 3 of 
15 Number A had at fir I demand how many he had 


loft, and how many he had left? 


. Numerical Solution. | 

| For the Number loſt put x, 1 

Then as thoſe left are 8 Times as many, 8x, 

| Theſe two added make the Number at firſt 9. 
Now ꝝ of the Number left is zx, 8 

This multiplied by thoſe loſt, make 2 xx, 

To which add the Square of thoſe loſt, it is 
_ 2xx + xx, 


SANG 


Then dividing each Side by x, zx + x . 
9 | Thatis 3x . | | 0 


| 10 | Therefore x = 3, loft. 


11 | And by 2d Step, 8x = 24, left. 

r2 | And by 3d Step, 9x= 27, at firſt, . | 
Which you may prove according to the Tenor 

© | of the Queſtion... / Chaos * $3 | LEES] 8 


PROBLEM XXIV. 


An Uſurer put out a certain Sum of Money at 51. per Cent. 
per Annum, which in 16 Years wanted exact 11 Gui- 


cipal was. 


neas of the Principal Hf: I demand what the Prin. 


Numerical Solution. 
r | For the Principal put x, 


2 | Then ſay, If 100 give 5, what will x give? Anſ. — 
7 


7 | Theſe (Q.) are equal to the Number at firſt, - 
8 


. 0 Nee e neee dect a. 7 eee e a” hgh ha ; * 
1 — - 


| 
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This being 1 Year's Intereſt, 16 8 is 


8ox 8x 


| 5. 
This ſhould (Q.) be * to the Principal leſs 
11 Guineas, or 231 Shillings. Whence, 


4x 
„* — 231 =— 


This being e 
Then © 4x, — — 
T hat is 


— x —4x = 1155, 
x = 1400s. = 572 155. 


Years, at Glin Cent. amounts to 25 45. which 
wants 11 Guineas of the Principa 


PROBLEM XXV. 


An Uſurer put out 1351. in 2 Parcels, one at the Rate of 
5 per Cent. per Annum, and tbe other a t 6 per Cent. 
which amounted in 15, Years Time to the Principal itſelf 
wanting 30l. I demand the Parcel he put out at 5, and 
the Parcel he put out at 6 per Cent. 


N 3 S z 


For the Parcel at 5 per Cent. put x, 
'T hen will that at per Cent. be 135 — K 


Xs at 5 per Cent. is == 788. 


And by the ſame Rule, one Year, 8 | Intereſ 
810 — 6 


of 135 — # at 6 per Cent. iy 2 


* he Sum of the Intereſt of both for 1 Year i: is 


5x, 810 — G 


100 + 100 
Then becauſe there is 5x and — Ga it will 0 


810 — x 


100. 


1 15x 
100. 


will be LY 
[8] 


* — 1155 = 48, 


So that the Principal was 57. 15s. w ich in 16 


Then by the Rule ef 3, one Vear 8 p of | 


4. This being 1 Year's Intereſt of bot, 15 ven 


i. 


1 


; 4 


13 


N 


It is required to pay 
15 Shillin 5 
1 demand 
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This (Q.) is equal to 135 — cl. viz. 1054. 


— 12150 —1 
Whence 105 


100 


| 


This x the Denominator 100, is 


10500 = 12150 — I5x. 
Then $— 15x and 10500, 


| = = 12150 — 108500, 


BU 15, 15x Z= 3880. :,. Fo 
1650 OR, 
Therefore, x = — 110 


And by 2d Step, 135 —x=L. 28 


| 


So that he put out . 110 at 5, and, £2 
per Cent. the Intereſt of which in 15 
amounts to L. 105 = 135 — 30. 


PROBLEM XXVI. 


many there muſl be of ew Ver " 


Numerical Selution. | 


Put for the 15s. Pieces x, ' he 

Then will thoſe at 225. 6d. be 100 — | 

Now x Pieces, at 15s. or 180d. each is 180 x. 

And 100— x Pieces at 225. 6d. or e each, 

is 27000 — 270 x, 

The 8 um of theſe two is 27000 — 90 Fs 

This (Q.) = L. 100, or 24000 d. 
24000 = 27000 — 90 x 

Then © — go x, gox + 24000 d. = 27000. 

Then @ 24000, o & = 27000 — 24000, 

That is, go x = 3cco, _ 

That is, 9 x = zoo. 


| O0 
Therefore, x = — = $34. 


Whencs 


And by 24 Step, 100 — x = 665 


And ſince x is not a whole Number, i it is evident 
that C. 100 cannot be paid in 1co Pieces of the 


Value ſtated in the Queſtion. 
PRO. 


at 6 
ears 


L. 100 in ioo Pieces, viz. * to be 
"gs and others 22 Shillings and 6 Pence each: 
aw 


; 
5 + 
1 


6 
rs 


t 
E 


— 


If 1 Veſſel be worth 240 Crowns, 
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PROBLEM XXVII. 


A Vintner has two Veſſels full of Wine, equal alike in 
Quantity, but ' of different uality ; the warſt Sort is 
worth 240 Crowns, and the beſt 300: Now be has 

another Caſk or Veſſel of the ſame Size, which he intends 

to fill out of theſe two, that when full may be worth 260 
Crowns : * How much of each muſt be take f 


| Numerical Solution. 75 
For what he muſt take of the worſt Sort put 1. 


be 1 — x. 
3 Now if 1 full Veſſel be wordli* 240 Crowns, x 
ok a Veſſel is worth 2 i SR ; 


eee "oo 
300 — 300 x . 


worth 


Step is 300 — 60 x, 
6 This (Q.) equal to the mean Price, 260 Crowns. 
| I Whence this Equation, 260 ='300 60 x. 
Then ꝙ 260 andi— 60 x, 60 x = 300 — 260. 
That is, 60x = 40s 
[Then 2 5 Gu = 4 Therefore, 


* 


© ow. 


| n 1 
1 Eee . 


Zo 
So that he muſt take 2 3 of the worſt, Foy 3 of 
the beſt Sort, 


3 PROO r. 


— 


2 will be worth p 160 


And if 1 Veſſel be want Exch o, then » 
rum be worth 5 | + ot 1 
Sum 260 = M. Price. 


PRO-« 


| 2 | Then as both make but one Veſſel, the beſt 2 


4 And by the ſame Rule, 1 — * of a Veſſel is 


5 1 a of the Numerators of the 3d and 4h 


10 84. e | 0 Lon $2 
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PROBLE M XXVIIL, 
Two Men, A and B, ſet out from a certain Place, the 


one goes 21 Miles in 15 Hours, and 8 Hours after be 


ſet out, B begins to travel, and goes at the Rate 25 15 
Miles in g Hours; I demand. how. long it will be before 
B overtakes A, and bow far they toi both ha ve 2 
velled? | | 

| Literal Solution. 


1J For the Hours A travelled put x, 
| | Then will B travel x — 8. 
+ 3] Then, If 1 5 Hours give 21 Miles, what will * 


4 And, if 9 * 15 Mites, * — 8 will; give 


1 K* — 120 


5 Now 5 that after B overtakes A, the Diſ- 
tances they travelled were both alike, —_— 
| 15x 129.._ 21x ® 

| | 9 WEE 5 2 | 1 1892 
This reduced firſt by 9, iS15x— 120 = 17785 


6 
7 | This * 15, is 225 — 1800 = 189. 
8 
9 


| Then'@ 189x, 225x — 189x = 1800, 
That is, 36x = 1800, | 
10 That is x = =" = 50 Tours, 4 


11 | And by the 2d Step, x — 8 7 42. Hours P, 


112 Now A goes by 34 Step —= : 5 that i is, 
5 Io & — 120 
* Note. Wn 6 4 and = 77 5 and te * 
: 9 = | TS | 
Step becomes X42 — = which reduced i is 2.5% * — 200 = 21x; 


3 
and then @ 21x and — - 200, we have, 25X — 21X = 200, OT 
ES. 5 
4X = 200, and x NF 2 30. EDIT. 


PRO- 


* 
n 


Equations, 
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PROBLEM XXIX.* 


nas Number is that that + of it more 12 is equal ta 5 


of it more 147 
1 | For the Number ſought put x 


2 | Then 1 of it + 12, is 74 12. 
1 And 3 of it + 145 is 3 + 14. 

4 | Theſe (Q) are equal. es 
| Whence oy + 12 == + 14. 


| 5 | This reduced firſt, is 3x +48 == +56 || | 


7 | That is, being again reduced, 

ox + 144 = 8x-+ 168. 3 
| 8 | Then © 8x and + 144, 9x — 8x = 158 — 144, 
I That is. © x = 169g — 144 = 24 Anf. 
I And this is proved at large in Dial. 8. Sect. 4. Ex. 5. 


Note, From the 4th Step, © + 12 we get 
= _ = + 2 ; and then, by Reduction, 

3 = + 8 

And gx = 8x + 24 | 

And laſtly, x 2 24. FEpir. | 
: 4 PROBLEM XXX. #1 
Four Highwaymen, A, B, C, and D, robbed a Gentle- 
man upon the Road of 475 L. and going to an Inn to 
part the Money, which they had laid upon the Table, 
Words argſe, and every one ſnatched up what he could; 
after which, upon telling each one his Money, it was 
found, that if to what A ſnatched up were added 4 C. 
and from B's were taken 4, and C's multiplied by 4, 
and D's divided by 4, it would produce one and t 


fame Number of Pounds: It is demanded what- each 
ſnatched up? Pet 33 


* See the Note in the Proof of Example 5, in Multiplication of 
| IF Firſt, 


o . . 
1 
1 
Wi 
: : 
wy: © 
134 
©0344 
"32-1 
$18 
7 131-08 
\ — ih 
. 
i 
57:8 
* 
119 
x 
8 1 
. 
U 
4 
74 N 
. ; 
ud q 
F ö 
. 
i? : 
4 4 q 
*' 12 
U 
oY | 4 
Ll 
\ , 
+8 : 
Ac : 
Lai 
* 
ant 
> 18 
"tt 
+ 8 
: F 
18 q 
1 * , 
4 y 
2 q : 
57 * 
5 L 
28 
135 
E 
275 2 
£ | 2 
Vi 
1 
44 
1 
* 
15 
+5; 
ba 
7172 
x 
1 
*, ' 
T4 £7 
7 : 
97 
4 # 
: 
104 
U 13 


— : 9 2 SA 3 
As E ts". ned a — AA 


164 


(> Firſt, Suppoſe 4 ſnatched x Pounds, then hav- 
ing 4 added, it would be x + 4. Now ſince by ſub. | 
ſtracting 4 from B's, his would be equal to 
muſt have ſnatched x + 8; and ſince by multiplying | 
C*s by 4, he would have the ſame, he muſt of courte | 


have ſnatched = + 15 which > 4, produces x + 4; 
and as D's is to be the ſame if divided by 4, he muſt 
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have ſnatched 4 * + 15, 


112 


[ 


Numerical Solution. 
For what A ſnatched put x, „„ 
Then will B's be as above — — «„ 4 8, 


Gs — H— — — — — — = + 1, 


This (Q.) is equal to the Robbery. 

Whence, 6x * + 25 = 475; or bx + 5 
8. | 

This reduced, 24x + x = 18co. 

That is 25x = 1800. 


Therefore, x.=— = 72, A, 
And by 2d Step, 
And by the 3d, 
And by the 4th, 4x + 16 = 304, D, 


< + 1 iq, Os: > 


Sum 475. 


Tyr. This ſeems to be a very hard | Queſtion at 


firſt reading. 
Phi. It may be ſo; and yet in other Words it may be 


eaſy; for it is no other than this: What 4 Num bas 
FO, | mu 


, K 
e, he 


| D's — — — H— — — — 4 + 16, 0 
The Sum is — — — — 6x+ = + 25. | 


1.5 


ers 


— Sai eB 1 
re . 
_ - 


3% 
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mult 475 be divided into, fo that the 1/7 having 4 added 
to it, the 24 4 taken from it, the 34 multiplied by 4, 
and the 4th divided by 4, may be all equal? Which 
Numbers are as before, viz. 72, 80, 19, and 304; which 
you may prove. | PS , 


PROBLEM XXXI. 


Two Graziers, A and B, coming from a Fair, were met 
by two Highwaymen, who robbed A of 251. 10s. and 
B of 71. 10s. but upon their complaining that they had a 
great many Miles ta ride, and Nothing to bear their 
Charges, he that rabbed A returned him à certain Sum, 
and ſo did the other to B. Now after A come tote 
what he had left, and B come to tell A, it was dif= 
covered that they robbed A of three Times as much as B, 
and left B + of what they left A: I demand what each 
2as really robbed ß 


Numerical Solution. 


1 | For what they took from B put x, 5 
2 Then will what they took from A be 3 x 
3 Now B had 71. tos. or 1504. at firſt, * 
But now, — — — 150 — xleft, 
j 4 | Alſo A had 25. 108. 5105. at firſt, 
5 


But now, — — — 510 — 3x left. 
This (Q:) ſhould be 5 Times what B had left. 

4 | Whence, © — 510 — 3x =750—5x 

1 6 Then e - rr, — 510 + 5x — 3x = 750. 


| 7} Then@ 510 — 5* — 3x =750 — 510. 
1 8 That is, ; — — 2X = 240. 

| 9.] Therefore — x#= —— * 120 f. . 

| 10 And by the 24 Step, — 34 368 
Isos that they took 18). from 4, and 6 from B. 


3 _* 
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PROBLEM XXXII. 


A General of an Army had a certain Number of Men, 
which he intended to place in a ſquare Battalia, but diſ- 

poſing of them in Rank and File, found he had go Men 
to ſpare ; now thinking to get theſe in alſo, he enlarged 
his Square to one Man more in Rank and File, but then j 
found he wanted 39 Men to complete the Square: What | 

4 W of Men had he, and how many ſtood in Rank 
and Pie? | 


Numerical Solution. 

1 | For the Ne. that ſtood in Rank and File put x. 

2 | Then will the Square of theſe be xx, 

3 | But having go to ſpare, he had xx + go. 

4 | Now encreafing Rank and File by 1, the Side 
is — — .X.+ 1 
5 | The Square of which is — xx + 2x + , 
6 From this take xx + go, there remains 2x — 89, 
7 | This (Q:) is equal to 39. 

a 5 


Whence, — — . 2x — 89 = 39, 
Then p — 8g, — 2x = 39 + 80, 
9 | Thatis — — 2x;83-228, 
| 10 | Therefore, — x = 64 a Side, 


Note. Mr. BEnj. Donn obſerves, in his Eſays on 
Vulgar and Decimal Arithmetic, (zd Edit. pa. 221) that 
the Difference of. any two Square Numbers whoſe Roots 
N y I, is an odd Number, and equal to twice the leſſer 

ot more 1, or equal to the Sum of the Roots. This is 
evident from what is done above. Conſequently, if : 
be put for any Number, and the Square of it be taken 
from the Square of 2 + 1, the Remainder will be an 
2n +1— nn; i. e. 2n + 1; and if this we Fes a be 
put = d, we ſhall have 21 + 1 = d, n= : 


n+1= 5 . Example 1. Let d = 25; then 
will = _ = 12. Ex. 2. Let « = 179, which 


the Difference of the Squares in the above Queſtion; 


128 | | | 
then » = — = 64, as before. Ws, ta. 


PROOF. 


» and | 
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— 


PROOF, 


. T 1 were 64 Men in Rank, and 64 i in F ile, and 
64 * 64 = 4096, to which add 90, it is 4186. But 

ed had he Men been the Side of the Square, there would 

* f ME een 4225 Men, which is 39 more than 4186, 

a 5 

nk 


ages . PROBLEM XXXIII. 


There is a Veſſel partly empty, in which are 20 gende 
ine, worth 8s. per Gallon; now if it be filled up 8 5 
Water, the Wine and the Mater together will be worth 
6s. a. Gallon, and the Whole worth the ſame Mon 

10e n it was ail Wine: I demand then what the 22 el 
holds when full, or, which is the Jane, haw many 


. 


80 CRE of Water will fill it up. 

| Numerical Solution. 
39) | | | 
8, | 4 For what the Veſſe] wants in Gallons put 19 
28, | 2 | Now 20 Gallons of Wine, at 8s. is 166. 
ide. 3 Now when the Veſſel is filled up, the Whole 
on - | will fetch the ſame as the VOOR the Trang 
that | - Þ did, diz. 1606. 
gots | 4 Then ſay, If 20 + x be 1605. what Bo the I 
e/ſer | 160 
10 eos? 1 fe 1 20 ＋ xz 
if u 1 160 
aken 1:50 This 001 is 5 equal to o be, | Whetice, 6 == 
n+ 6. That i 6 — — 120 + 6x = 160, 
r be | Then@ 120, — 6x = 160 — 120 = 40. 
and Be Therefore qu — x = 25 = 6 . 
then So that there wanted 6 4 of Water to fill it: To 


| | which add Wine 20 Gallons, itis 265 Gallons _ 
| | the Contents. 


ch is 
tion; Note. Since the Caſk full at Gs. per Gallon is worth 
; 1605. it is evident that the Number of Gallons it con- 
tains is g = 264. _ EvirT. 


PROOF. 
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PROOT. W 
. 
20 Gallons of Wine, at 8s. = 8 o 


*PROBLEM XXXIV. 


Vitruvius, (Lib. ix. Chap. 3.) informs us, That King 
Hiero being otliged by Vow to make a Preſent of a Crown 
e pure Gold, weigbing ioolb. gave Orders for ſuch an 
one to be made; but being told that the Goldſmith had 
ſecreted Part of the Gold, and put to the Crown the ſame 
Height of Silver, be ſent for the famous Archimedes 
of Syracuſe, to whom he recommended the Diſcovery of 
the Fraud: It is demanded haw Archimedes diſcouered 
the Cheat, and haw many Pounds of Silver the Goldſmith 
had put into the Crown? 


Since it is proved by Experiment that a Maſs of 
pure Gold will poſſeſs leſs Space than a Quantity of 
Silver of the ſame Weight, it will he eaſy to conceive 
that a mixt Maſs of Silver will poſſeſs, or take up a 
Space between them. Archimedes therefore cauſed two 
Maſſes to be made of equal Weight with the Crown, 
one all of pure Gold, and the other all Silver; then 
having a Veſſel filled to the Brim with Water, he 
cauſed the Crown to be immerged, carefully reſerving 
the Water which flowed over. And thus he did with 
the Maſs of Gold and Silver, reſerving each Time the 
Water which flowed over the Veſſel; by which Means 
he very exactly told Frere how much Gold was ſe- | 
creted. = . 

Now let us ſuppoſe, that by immerging the Maſs of 
Gold only, there was emitted 60ʃb. of Water, and 
day Maſs of Silver golb. and by the Crown 64/6. 

Then, 


| Numerical Solution. 


2 a. . 


| 1 For the Quantity of Silver in the Crown put x, 
2 Then muſt the Gold — — 100 — x. 


| 3] 


— —— 


— . ens 
2 4 ants F 7 \ 5 "I 
l | 
— > 


* 
* 
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| 3 | Now if 100lb, of Gold be equal in Bulk to 60lb, 
of Water, FA Fo 
_ 6000 — box. . 
100 — * is | 


4 c 100 
' 4 | Again, If 100lb. of Silver be of equal Bulk wich 
| golb. of Water, FIN 


2990 
6000 + 30 %— boo ＋ 3x 
| 5 The Sum of the two is — 88 3 


6 | This ought then to be equal in Magnitude to tha 
I Pounds of Water emitted by the Crown, viz. 64. 
600 + 3x 2 


"Wahence, — _ = 64. | 
7 | This reduced, — - 600 + 3x = 640, 
8; That is — 3x S 640 — 600, 
9 That is — — 3 x = 40g 
| 10 | Therefore, — 4 2221 37. 


| So that the Goldſmith had mixt 13 lb. of Silver 
in the Crown. | | 

Note 1. But there may be an infinite Number of 
Anſwers produced, according to the Variation of the 
Queſtion, and the Crown will be more or leſs adulte- 
rated, according to the Proportion of the Water emitted 
by the Maſs of Gold and the mixt Maſs; for the leſs 
their Difference, the leſs the Adulteration. „ 

Note 2. That this and ſuch like Queſtions may be 
done by knowing the ſpecific Gravity of each Body; 
that is, weighed ſeparately in Air and Water, and their 
Proportions will hold god in the ſame Manner as above, 
and is modernly practiſed. fg Ee 

Note 3. By the Editor. The above Solution is grounded 
upon a Suppeſition that a mixed Maſs of Gold and Silver 
takes up a Space equal to the Sum of the Spaces taken up 
equal Duantities of thoſe Metals when ſeparate ; but this 
Hypot heſis, I apprehend, has not been proved by Experi- 
ments, | 


x4 5 1 
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PROBLEM XXXV. 


What Number is that whoſe *, Fs and 4 exceed the 
Whole by 240? © 


NN. N Solution. 
| 1 | For the Number put x, 
| i 2 r 
2 Then will its 2, +, 4, be Rn 
| 8 
3 | Theſe reduced to a C. D. will be — Z Z 
her, 29% — 23 "F 
or rather, i. 

| 4 | Whence (Q.) this Equation, == = x + 240. 

5 This reduced, —— 134 = Iz2x + 2880, 
6 And @ 12x, — 13x — 12x = 2880, 
| 7 | That is, — — x = 2880, the Number. 


PROBLEM XXXVI. 


e is Rod off Iron a Yard long, at the Ends of of which 
hang 2 Weights, viz. one of 15, and the other 0 Z lb. 
Weight : 1 emand the Point of the Red where theſe two 
Meigbis will hang in Balance © 


N 8 
| 1 | For the Diſtance of the leſs Weight to the Point 


put x, 

2 Then will the Remainder be the Diſtance of the 
Greater, viz. 36 — x Inches. 

3 | Then wg the e be, 

As &: 36 — K* :: 15: 

4 | Multiplying Means ber Ext. 1K 540 — 15%, 
Is Then @— t5x, — 16 2 540. 


Therefore x = 2 = 333. Leſs Weight. 
121 
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[ | [7 | And by 24 Step, 36 — * = 24. Greater. 

| | So that the Point from the ſmall Weight muſt be 

332 Inches, and the Diſtance of the 15/5, 
the | | Weight 15 Times leſs, viz. 24 from the End. 


PROBLEM XXXVII. 


Suppoſe a Rod of Iron to be divided into 1 50 equal Parts, 
and at the 77 Part or Diviſion hangs a 4 1b. Weight, 
and on the laſt Diviſion, or other End, a Weight of 4 


„ 16 Pounds : { demand the Point of the Rod 
where thoſe two Weights will be in Equilibrio ; or, 
which is the ſame, what Diviſion of the Red will be a 
Balance to both the Weights ? | 


I 
2 
I 


3 
4 
5 ; 
6 


Numerical Solution, 


For the Diſtance of the Point from the greater 
Weight put x; 
Then will the Diſtance from the Teſs be 150 — x. 
Then As x: 150 — & :: 4:96. 1 5 
By multiplying Means and Ex. g6x = 500 — 4x. 
Then ꝙ — 4x, 100x = 600. 


Therefore, x = — =6, the Diſtance of the 


Point from greater Weight. 
| 7 | And by 24Step, 150 = x = 144, its Diſtance from 
1 leſs Weight. i „„ 


From hence alſo if a Rod be divided into any 
Number of Parts, and one Weight be given, and the 
Point given in the Rod, the other Weight is eaſily 
found by Proportion, thus: As the Diſtance of one 
End is to the given Weight, ſo is the other Diſtance 
from the End to the required Weight. Thus, in the 
Problem before us, let the Weight 6 be given, and the 
Diviſion 144 on which it is placed, and the whole 
ow 150, as before, to find what Weight will ba- 
_4ANCE it. > 1 5 | 


— 


12 : "FROM 


> pv 4, 5 p * 
2 ago F 2 4 ——ů * => 
+ Cold. O45 — 1 - 0 3 * 2 — n . = 
— . 2 EVE IA . 3 — — — — i= — : 
« * — — — — = — 
* 2 — — — — ———— — rere — A — — — — 
1 " A , 5 * — rs 2 — A 
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PROBLEM XXXVII. 


| e is a Rod divided into 1 zo equal Parts, on which 


. hangs at one End a Alb. Weight, and the Rod being 
placed or laid acroſs any Thing at the 144th Diviſun, 
I demand what Weight at the other End will be able 
to balance the 41h Weight, to keep the Rod in Equilibrio? 


This is done by the Help of the Rule of Proportion, 
either direct or inverſe. For only obſerving the Diſ- 
tance the Point of Balance is from the given Weight, 
(which here is 144, and the Remainder 6) the Pro- 
portion is, As 6, the Remainder of Diviſions from the 
leſs Weight, is to the Weight itſelf, ſo is the Diſtance 
of the leſs Weight from the Point of Balance to the 
greater Weight, Sc. Thus, 1 


As 6: 4: : 144: 96. Or, 
A 6: 144:3 4 96, &c. 
By this Method may be proved, whether the 
Steel-yard, or any Beam or Pair of Scales belonging be 
ood: For notwithſtanding the vulgar Notion of 
3 and Scales being true, becauſe the Brachium 
hangs in Balance, it is evident, that in weighing 
large Quantities the Buyer may be ſufficiently cheated, 
or the Seller may ignorantly cheat himſelf, and that 
more or Jeſs, in Proportion according to the Make of 


the Beam. | 


Tyr. This is a Sort of a Paradox to me at preſent ! 

Nov. And to me likewiſe; I wiſh, therefore, Phi- 
lomathes, you would explain it a little to me: For if 
it be ſo, how am I to chooſe a good Beam, or de- 
pend upon others to know whether they be true or 
falſe; for it is not to be ſuppoſed every one can prove 
it by Figures? | 

Phi. 1 grant it; but you may ſoon ſee the Truth of 


this by ſeveral Experiments*. However, 1 will tell 


you thus much, that in chooſing your Beam, mind not 
altogether its hanging in Balance; but more particu- 


* Sce Dr. Deſagulier's Experimental Philoſophy, Vol. 1. Plate 7, 
$, 9, and 10. | . 1 
| arly 


F 
5 
A 
2. 
4 
5 
N 
x 
£ 


f 
. 
} 
2 
1 
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larly examine whether the Arms whereon the Scales 
hang be equi-diſtant from the Center; for ſhould they 
not, you may depend it is not an honeſt Balance : And 
whenever you ſuſpect any Pair of Scales, you may ſa- 
tisfy yourſelf by this vulgar Experiment-only ; change 
the Weights and Commodity to the contrary Scale, 
_ if the Weight be as before, it is right, otherwiſe 
falſe. 

Nov. We are obliged to you for this eaſy Expla- 


nation. N 


Phi. I am not treating of Mechanics, it is true; but 
J have ſaid ſomething the more upon it, becauſe it is 
more uſeful and neceſſary in Buſineſs than every com- 
mon Queſtion; and indeed, ſuch Perſons as deal in 
valuable Commodities in large Quantities, ſhould be 


careful to examine Things of this Nature. But come, 


we will proceed to 


PROBLEM XXXIX. 


A Tradeſman began the World with a certain Sum of 
Money, with which he bought a Stock of Goods, but 
by Misfortunes in Trade, he loſi the firſt Year one Half 

_ the Value of his Stock, and 10 Shillings over; and 
alſo the ſecond Year he loſt Half his Stock, and 10 
Shillings over; and thus he went on for 5 Years, loſing 
Half the Value of the preceding Year's Stock, and 10 
Shillings over : Now at the End of the fifth Year he 
left off Trade, and his Stoc was worth but 5ol. 10s. 


1 demand the Value of his Stack at firſt ? 


Numerical Solution. 


| 1 | For the Value of his Stock at firſt in Pounds put æ, 


Then he loſt the firſt Year — 2 2 *. 
4. 1 Find 


221 


2 2. 


* Note, As 10 Shillings is Half of a C. the 2 in the 24 Step re- 
preſents 10 Shillings, and faves a great deal of Trouble; OT 


I 3 146 


Dl 
|; And had left.. 


— — . ͤmͤ—u— 


* > 


BS 


. 


n * — IT” N _ \ TT 
r 1 * — * — — 

n on * * A » ah 

Lo SIC — * 1 8 = 


8 


A — — 


1 — — 


I . 
es 
9A 
5 N 


— — ů — —— 
— n 
8 


4 - 
a0 we the ns. 
— > _ 


44 4 Cs ty N 
„ In ie ST SET 
C 
n OW 3 . 
= hero — 
. — — 


9 N - n mu o 2 5 — _ 
— 1 — 0 — 55 = "_ 4; Joy 5 " = 
l T * a — —— * 2 eons * - 
>. E = _ - 2 * 2 _ 189 U — — — — 1 
* ”- — - — = _ 
2 * — — td ae ene — 1 — — > — — * — 
P = _ — A _— — _ * — — — — — r A 
e — = — — = ——— ů — 2 
—— — 3 — gs 4 — — — * 2 — > 
- — = 22 pw * bo r — == : — — . 
* — U — - 
* 


AlLGEBRAIC PROBLEMS. 
Then had he loſt juſt Z this, the 2d Year it 


| 4 | 
would be — — — <= 
5 | But he loſt 10 Shillings more, therefore he had 
| x — 1 
I left — — — 3 2 
6 This reduced, firſt x the Denominator 4, then 
| 2X — 2 — 4 2x—6 
: X 2, is _— _—_ 8 ; . 
This abbreviated, is the 24 Year” s Stock left 
18 Then by loſing Half + 10s. had left the 15 
Year, — — — m — — —z N 
used, „ or, EE 
9 is reduced, 1 TC. 7 165 or, 
3 . 
10 The Half of this leſs 10 \ Shillings | is left the 42h 
| Tear, VIS. — = — e 
3 3 ” 
11| This reduced, is EET ch or, 3 
IS 32 32. 
| | x — 15 1 
855 dos 
12 Then had he left half this, 7 10 Shillings the 
5th Year, viz. — — 2. 
ieee 2x — 62 
13 is reduced, is 5 or, 2 
UL 
or, 
14 j Now this {Q) is equal L. 50. 10s, or, 50 f. 
| Whence, — * 50 Fo 
15 This reduced, by x Denominator 32, 
| x — 31 = 1600 32 = = 1600 4f = 1616, 


| 16 | 


9 er 
SS * 


ALGEBRAIC PROBLEMS. 
Then © — 31, x = 1616 + 31 


175 
Therefore, x = L. 1647, his 1/7 Stock, which 


you may prove at your Leiſure. 


PROBLEM XL. 
Mat Number is that \which if added ſeverally to 3, 19, 


16 
I7 


and 51, wil make them 3 Proportionals? 


Numerical Solution. 


| 1 | For the Number put x, 1 

Then by adding this to each Number, they are 
* + 3, X T 19, % ＋ 51. 

3 | Whence, by the Rule of Proportion, 

„ „„ ne io: + ct, - 

4 | But multiplying Means and Extremes you have 

| xx + 54x +153 =xx + 38 x + 361 

5 | Then by cancelling xx on both Sides, 

4x + 153 = 38x + 361. | 

6 | Then ꝙ 38xand 153, it is 

54 — 38x 2 361 — 153, 


7 | That is, 16x = 208, 
8 | Therefore x = — = 13 Anſ. 
FREOOET. | 
Numbers 3 ty mad: on 
Add 15 . 3. 
16 8 64 
0 — m———— 
3H For 16 x 64 = 32 & 32. 


Do theſe Operations appear plain to you, Novitius ? 


very well. : | 

Tyr. I wiſh I could ſay ſo for my Part, for I muſt 
own at preſent I do nor. e | | 
Phi, It is not to be expected ſo young a Learner as 
= you, Tyrunculus, ſhould be Maſter of theſe, Things at 
once: If you underſtand tne Work by reading it, that 
= is ſufficient at preſent, and in going through the Pro- 
ih | 14 0 blem: 


Nov. Very plain, Sir; I think I underſtand them all 


— 
2 
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blems once more, you will, no Doubt, underſtand them; 


and I think I have 
enough. | 


plain Tr:gonometry before 
tions will perform them. 


your Deſire, havin 
than I intended, | 
then I ſhall work them literally 


given you a Variety of Examples 


Nov. I beg you would work a Queſtion or two in 


Phi. Yes, there are many | 
Equations only: But really I have ſcarce Room to grant 


dious to do them numerically. 


clear from the Ground (or c); what Height 
Ground muſt it be cut or ſawn 
zt may 


—— OA. tw Wk 


you conclude, if /imple Equa- 
to be performed by ſimpli 


already added ten Problems more 
owever, to oblige you 1 will; but 


» for it will be too te- 


\ 


PFXOF LEM ILL 
Suppoſe a Pole to land upon a Horizontal Plane, 75 Feet 


rom the 


Y at, fo that the Top of 


fall upon a Point (b) 55 Feet from the Bottom of 


the Fole to the ſaid Point on the Ground? 


. 


Q 


_ Literal Solution. 


For the Height ſought 


put x, 

| The Square of. which 
is xx, 

Then 1s the Square of 

hb — — bb, 

The Sum of their 
Squares xx + bb. 

The Remainder to 75 


is 
The Square of this is 


cc — 2XC + Xx. 


Whence this Equation, 
xx + bb=cc—2xc+ xx. + 
| Cancel xx on both Sides, 


Then o — 2xc, it is 
Then ꝙ 5, | 


Then muſt x = 


2C AT» 
5% * 55, divided by 75 * 2, which is = 


174 Feet. Anſ. 


— — — 


cc — 365 


— 


56 
25 
„** 


3 = 99 
bh cc — 2Xc. 
2xc + bb = cc. 
2XC = cc - bb, 


1 


that is, x = 75 * 75 


Nate, 
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m; Note, This Problem may be conſtructed geometrically, 
les in the ſame manner as Problem 43. EDpiT, 


ple In the Triangle ABC is given the Baſe A B =12, and 
nt if the Segment, or Part of the Hypothenuſe BC, wiz- 
e BD = 4. Required the Sides A C and BC | 


Literal Solution. 
5 „ . . 


Leta=12=A4B,andb=4=BD; Ws 


„„ and let += AC. Now as 40 % 
5„, = and CD are equal, B C muſt be : 
% ere. Then by the 47%) of : 2 
o ( I. Fudid, B C = 4C* B=; 1 
of but BC* = the Square of þ + x, P 


U1Z, bb + 2bx + XX, and aa = AB 2 | 8 


£0 
be, 
__ 


| The Square of 5 +-x is bb + 2bx + xx. 
| This (Q.) is = Square of x and a. 

Whence, — bb + 2bx + xx = xx + aa. 

3 | By cancelling xx on both Sides, 55 + 2bx = aa. 

4 | Then ꝙ 36, it will be 2bx = ag — bb, 
Therefore, x = <= x — 1 = 16 
So that the Side CA or CD =x= « And 
CD + BD =16 + 4 = 20 = Hypothenuſe CB. + 


| > 


iis” ng 


| PROBLEM XLIII. 


c. There is a rectangled Triangle ABC, whoſe Baſe AB=4 

- | and the Sum of the Hypothenuſe and Cathetus AC + B 8 

. = 135 : Ut is required to find the Sides AC and BC 
ſeparately ? | fe” 


mi | Literal 
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Literal Solution. 


Let d= 135 = FG + BG, and let 

5 = 45, or. BA; and put x for CA; 

then CBA — x. And ſeeing the 

Angle CAB is a right one, we have 

| * 15 0 a wo _ cg B 

+ 2 but 3 = the Square - 
A — x, viz. dd — 2dx + 6 And 45 A 

CA xx; and B A = bb. Therefore ; 


| 1 | The Square of 4 — „ is - — 2dx + . 
2 | This (Q.) = to the Square of x and 5. | 
VERence,  . - dd — 2dsx + xx = xx + bb. 
3 | Then cancelling xx, | dd — 2dx = bb, 
4 Then bb, ——— ad — bb = 24x. 
Theref „ 
5 ereiore, N = 4 O 
11d iz o = / C. 
O R, 


Let x = BC, and then will 140 = 4 — x; and 
therefore (by the 47th of 1 Euc. ) BC*= AC* + A B. 
Therefore, as „ = BA, as above, it will be - 


11 | xx = dd — 2dx + xx + bb. 
24d — 2dx + bb =O 
| 2 | 2dx 2% an + 5 | | 
„ o= 2 Has 
; 2 2d 2 N 435 
| Hypothenuſe B C. And 135 — 75 = 60 = 
| AC, as before. | | 
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Note, By the 36th of 3 Euclid, you may find the 
Sides BC and AC thus: Deſcribe a Circle, making 


the Perpendicular the Radius; then is the Rectangle 


Be into the Segment B D = the ne | 
Square of AB; therefore: B D is 8 
= the Square of AB divided by - 1 
Be = BC + AC = 135; that 

is, BD 1 ==15; and there- : 


136 5 
fore (by the Figure and the preced- *':.. Ary | 
ing Work) BC + AC—BD=—=+2; 0 

339 — 60 4 C, and B A 


99466“ 


. 


that is . 
2 f 


bo + 15 75 BC. 3.40 
| Geometrically. Hp 


Firſt, From any Scale of equal Parts © 
make the Line AB = 45, and. at right ; 
Angles to it draw Ae= 135, the Sum of | 
the Sides AC and BC. Then join Be 4] 
with a right Line from e to B, and divide $ 
this in the Middle at 4; then erect a Per- 
pendicular from 5 to cut the Line e, 52 ö 
which will be in the Point C; then hav- © 
ing drawn the Line B C, the Triangle is 
compleated: And if you meaſure the 
Sides upon the ſame Scale, you will find : 
BC = 7;, and AC = 60, as above: For 
the Line bc being Perpendicular to Be, 


. 


and cutting it into two equal Parts; the B45 A 
Triangle B Ce is Ihfcles, by the 52h * FM 
| 4 1 1 conſequently AC + BC = AC + Ce. 
And thus, Novitius, J have done all that is in m 
Power to ſerve yon and Tyrunculus ; and I ſhall leave. 
7 Problems more, without their Operation, (to make 
up the Number zo) for your Practice; and I defire 
you would aſſiſt Tyruncalus in them, as I have aſſiſted 
you in the others. TH be Y 


1 6 
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Here follows ſome more PROBLEMS, to exerciſe the young 
oo ** 5 % >: 
PROBLEM XLIV. 
One hires a Farm, containing 125 Acres of Ground, fer 
which he gives 38). 5s. the Land conſiſis of two Sorts ; 
for the better Sort he gave 7s. 6d. per Acre, and for the 


worſt 38. gd. per Acre: 1 demand how many Acres there 
were of each Sort. ©, 5 | 


* 
« f — 
= 


ROT IXEV, 
One lets out Gol. in 2 Parcels, viz. one at g, and the other 
at 6 per Cent. which in 13 Years Janie Intereſt wanted 


but 191. 7s. 6d. of the Principal: I demand the 
Parcels ? „ NT | 


o 


PROBLEM XLVI. 


Three Drunkards, A, B, and C, having each of them run 
up a ſeparate Score at an Alehouſe, agreed to go (under 
Pretence to drink) and rub all out; which was done 
accordingly; but the Landlord remembered. very well, 
that A's and B*s Reckoning added together made 
Ss. 10d. z, and B's and C's 138. 3d. 4, and A's and 
C's 11s. 5d. 3: He therefore craves nou e f7.om 
hence, to tell him each Man's diftinet Scores 


| PROBLEM XLVII. 
There are two Numbers whoſe Sum is 517, and the Quo- 


tient of the greater by the leſs is juſt 1000 : I demand 
the Numbers? |. ©... - | | 8 


PROBLEM XLVIII. 


What Number is that, which, if added to 23, 209, and 


561, will make them 3 Preportianals ? 
P R O- 


* 
15 
. 

by 
2 
: 
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PROBLEM XLIX. 


pat Number is that whoſe 2, 3% , 4, and 125 exceeds 
e „„ of ne 5 
3 4 FRO MK 
A Perſon dying leſt in Caſh 4101. 10s. to his 4 Sons, 
A, B; C, 55 D, in ſuch Manner that if A had 
41. 10s. more, and B 4l. 10s. 70 and C*s were multi- 
plied by 41. los. and D's divided by 41. tos. it would 
a produce one and the ſame Sum of Money + What was 
| the Portion of each? 2 © 8 | | 


Nov. But pray why do you not inſert their Anſwers? 
Tyr. It would be ſome Help, I think to the young 
p | 

Phi. It would be indulging him you might fay in- 
deed, but I cannot ſee why the Queſtions are at all the 
harder to be done, without it be to ſuch who from the. 

Anſwers often gueſs out the Numbers; therefore I 
chooſe rather to omit the Anſwers: For if you do the 
Work right, it will prove itſelf; and to a diligent 
Learner it is all the ſame as if the Anſwers were before 
him; and I am ſure it is a proper Exerciſe to qualify 
you for more difficult Things of this Sort. 7 | 
Nov. You may depend upon. it, Sir, I will do my 
8 Endeavour to find their Anſwers. in a ſhort Time. 5 
FE] Tyr. So will I, as ſoon as I am a little more perfect 
0 in the foregoing Problems. 
ö Phi. You are right, Tyrunculus, for from a true 
Knowledge of them you will ſoon diſcover theſe alſo. 
| Nov. We are highly obliged to you, Philomathes, 
for theſe Favours, — Come, Tyrunculus, do you think 
of going? 

Tyr. When you pleaſe, Sir. | | 
Nov. Dear Philomathes, in accepting my hearty 
Thanks you will yet more oblige your humble Servant, 

bf 4 Pray receive mine alſo. ER 

hi, I do; and you are not only welcome to theie 

ſmall Inſtructions, but I ſhall always be ready to ſerve 
you; Only let me pecſuade you (as far as Things of 
| more 
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more Moment will allow of) to afliſt one another; for 
it is poſſible TI may (by and by) inſtruct you in ſome- 
thing of Quadratic Equations, becauſe it is a Pleaſure 
-to me to fee you delight thus in Figures. Thoſe that 
have no Taſte for this Sort of Learning indeed, are ig- 
norant of the Satisfaction that it leaves; for what can 
be a greater Satisfaction to the Mind than Certainty | 
itſelf, built upon the Foundation of unerring Principles? 
This made a noted Author ſay, that Algebra, like 
& Logic, gives us a juſt Idea of the Nature of Things, 
„ ſhews us the true Way of Reaſoning, elevates the 
„Mind to a proper Degree, and will not ſuffer it to 
„ dwell upon mean and baſe Trifles.”” a 
And I could heartily wiſh that more of the growin 
Youth of this Age (eſpecially ſuch as can afford it 
would rg you) give their Minds to the Study of 
ſome of the AHathematical Sciences, they being not only 
' uſeful, but very diverting, and would certainly tend 
much more to their own private Good, and that of 
others, than the conſtant Peruſal of ſuch Books which 
daily vitiate the Mind, and corrupt the Morals. Thus 
we read, Xe21o9phon commended the Perſians for their 
„ careful and prudent Education of their Children, who | 
© made them ſtudy only ſuch Authors as treated of 
Learning and Morality ; but would not ſuffer them | 
« to effeminate themſelves with idle and amorous Tales, 
„ knowing well, and wiſely diſcerning, that there needed 


« no eight to be added to the Bias of corrupt Nature.“ | 10 
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CONTAINING 
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Some neceſſary INSTRUCTIONS 


In the RupimenTs of 


| QUADRATIC EQUATIONS: 
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Bro oem 
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FEE: 


I. InvoLuTION, or the Method of raiſing 
Pos or involving QuanTITIEs. - 


II. The ResoLurTIoN of a SovaRE raiſed from : 
a BINOMIAL, and how to compleat the 


SQUARE. 


; III. Of Evoruriox or extracting Roors. 


N 
* 


AP PEN DI X, Ge. 


In a Diarlocus between 


PHILOMATHES and NOVITIUS, 
CONTAINING 
Some neceſſary InsT&UcTIONS 


I N 


OUADRATIC EQUATIONS. 


— 


— — 


PhILOMATHRES calls upon Novirius to know what 
Improvement he has made in SIMPLE EQUATIONS, 


©- The Sign of. INVOLUTION. 
pe The Sign of EvoLUTION. © 5 0 
y The Sign of SURD or IRRATIONALITY. 


WEIXHOVITTIUS, your Servant. : 
a Nov. Sir, 1 am heartily glad to ſee you. 
RY Phz. You remember I promiſed to give 
K. A YOu ſome Notion of Quadratics, which [ 
| intended to have done before, but that Bu- 
fineſs of greater Moment has continually called for 
my Attention. And though I am now come accord- 
ing to Promiſe; yet my Viſit will be but ſhort: And 
before I begin with you let me know whether you are 
pretty perfect in what | have ſhewn you before. | 

Nov. That I aſſure you I am. 

Phi. We will proceed to the Point in Hand then. 

Nov. Pray what does the Knowledge of Quadratics 
depend upon ? 1 : EE | 

| : Fa: 
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Phi. The Knowledge of Duadratic Equations depends 
upon theſe 4 Things. let, 
od The Method of raiſing Powers from a ſingle 
Quantity. 1 | 

zabhy. The Reſolution of a Square raiſed from a 
Binomial or Rejidual ; (i.e. of the three Members which 
ſuch a Square conſiſts of.) 

34ly. How to complete the Square when two Mem- 
bers only are given. And | 5 

4thly, The Way or Method of extracting the 
Roots. . 1 

The firſt two of theſe are comprehended under the 
Name of Involution, or the Method of involving Quan- 
tities from any given Root. | 7 


E raiſing Powers from a ſingle Quantity. 
Ru L . | 
Multiply the given Quantity into itſe!f you have the Square, 


to which join the ſaid Quantity you have the Cube or 
third Power, &c. &c. 2 | : 


EXAMPLE I; | 
Let » the Root be involved to the 2, 3, 4 and 5 


Power. | 


x Root 

xx Square or 24 Power. 

xxx or x* Cube or 3d Power. 

xxxx or x* Biquadrate or 4th Power. 
K * Or x* Surſolid or 5th Power. 


Nov. This is ſo plain, more Examples are needleſs : 


But what do you mean by a Binomial and Reſidual 


Root? 
Phi. A Binomial is a compound Quantity conſiſting 


of two Parts, as x» + b, or x + % connected together 


by the Signs +; and x — b, or x — 5 connected by 


the Sign =. Now theſe two Parts multiplied by them- 
ſelves 


3 
n 
#50 
* 44S 
1 


APPENDIX 187 


ſelves (that is ſquared) will always produce 3 Mem- 
bers, the firſt and laſt of which will be perfect Squares, 


and will always be „ and the middle Part 


or Member is made by the double Rectangle of the 
Parts of which the Binomial is compoſed, and this 
middle Part will be ſometimes 4firmative, and ſome- 
times Negative : Affirmative wien both are Affirmative 


or Negative, as x + b or — x — 6b; and Negative when 


one of the Parts is Negative, as x — ; do you un- 
derſtand med | | : 

Nov. Ves, very well, except it be the double Rect- 
angle you talk of. | 

Phi. This I ſhall ſatisfy you about preſently, under 
Obſervation the Firſt: In the mean Time, we will 
give you ſome Examples of the Reſolution of a Square 
raiſed from a Binomial or Reſidual, or of the three 


Parts which ſuch a Square conſiſis ef; and how to complete 


the Square when tube Members only are given. 
EXAMPLE 2. 


Let x + 5 a Binomial be raiſed or involved to the 
third Power. - ES 


x ＋ 5 | ; 
x-+6b 


ax + xb 
xb + bb | | 
xx + 2xb + bb the Square. This X x 7 b 
23 | | | fa 
x + 270 + l 
| xxb + 2xbb + bbb 


Mtn 


xxx + zx + 3xbb + bbb Cube. 


* Note, A Binomial i | : 
Negative. us put ; 27 ts called a Re/idual Root when one Part is 


- 


| EXAMPLE 


me 
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Let x» — a Refidual be raiſed or involved to the 
third Power, | | 

x — 5 | 

xXx — 5 


xXx — xþb ↄö 
— xd + bb 


xx — 2xþ + bb Square. This X x —bþ 


8 


axx — 2xxb + xhb 
— xx5 + zxbb — bbb 


1 


xxx — 3xxb + 34 bb — 365 Cube. 


Nov. I underſtand you very well; and I alſo per- 
ceive that in the Bincmial the Anſwer is affirmative in 
all the Quantities; but in the Re/idual they alternately 
change. , 

Phi. You ſay right; and you ſee that it is nothing 
but common Multiplication; and if there were Frac- 
tions the Work is the ſame. | 


— 


| EXAMPLE 4. 
Thus, = ſquared is = for only multiply the De- 
nominators and the Numerators together as in Multi- 


plication of Algebraic Fractions. So alſo 1 ſquared is 


=, and the Square of x + — a Binomial, is xx + 


16? 
_ + 2 or xx + ax + = and laſtly, the Square of 
J 


a . 24x aa ; | ad 
1 will be xx — * + —, or xx — ax + 725 


For 2 in the middle Term being common to the Nu- 
merator and Denominator, I expunge it, and take the 
Numerater ax only. | | 


Nov. 


. 
bo ER OOO xg. IG * 3 
3, 5 IS WS 22 1 NW 6 


IC 
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Nov. I thank you kindly, Sir, for your demonſtrat- 
ing it ſo plainly | | 
Phi. I preſume then, as you know how to involve 


any Root, you alſo know the third Thing, that is, how 


to complete the Square. 

Nov. That I do not, nor do I know altogether at 
preſent what you mean. . 

Phi, I own, as. I ſaid before, that it is not fo eaſily 
known by a Learner; therefore I readily excuſe it, be- 
cauſe Authors in general have taken no Notice of this, 


though ſo neceſſary. 185 


Of compleating the Square when but two Members are 
1 given. 


I have already told you; that any compound Quan- 
or Reſidual, when ſquared will 
conſiſt of three Members; the Middle of which will 


be ſometimes affrmative, and ſometimes negative: I 


alſo told you, that when they are both perfect Squares 


| you may ealily know it, as xx + 65, or xx + 16; to 


compleat the Square of which will eaſily appear as 
follows. 5 1 - 
_ OBSERVATION 1. | 
When any compound Quantity as xx + 35 wants to 
be compleated, that is, wants the middle Part or Mem- 


ber, (for remember 1 told you it conſiſts of 3) then 
take the Root of each Part, viz. x and 5, and mul- 


tiply them 1 which is xh or — xb; this is what 
ectangle, the double of which is 2xb or 
— 2xb, either of theſe put between the other two will 


compleat the Square. 


Nov. This is eaſy indeed if I take it right; for ſup- 
poſe xx + b were to be compleated, the Root of xx is x, 
the Root of bb is 5; now x x b = xb the ſingle Rect- 
angle, therefore 2xb is the double Rectangle, which, 
placed between the other two Members will be 
xx + 2xb + bb, or xx — 2K b + bb. But how am [| to 
proceed when there are Co- efficients? | | 


Phi. 
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Phi. The very ſame: For ſuppoſe the Root 8x — 2 
were to be ſquared or compleated, here 8x Xx 8x = 64xx 
the firſt Term, and — 2 Xx — 2 = the third Term, 
Now 8x Xx — 2 = — 16x the ſingle Rectangle, there- 
fore — 32x is the double Rectangle or middle Term; 


ſo the Square compleated is 64xx — 32x + 4. 


Numerical Demonſtration. 


Suppoſe they were in Numbers only, you will ſee 


the middle Term is always made up with the double 
Rectangle of the Parts. For let any Number (ſup- 
poſe 16) be divided into any two Parts, as 12 and 4: 
To compleat the Square 4 X 12 = 48, which doubled, 
is 96 the middle Ferm, ſo is the Square compleated, 


VIZ. 144 + 96 + 16; and if you make the Binomial | f 


x + b = 12 + 4, you will in courſe have xx + 2x6 
+ bb = 144 + 96 + 16. 


Nov. I like this very well; but pray how do you | 


compleat the Square, when, of the two given Members, 
only the firſt is a Square, and the other any Quantity 


or Number propoſed at Random. 
Phi. To be ſure this cannot be done in many Caſes,* 


by taking the double Rectangle of the Parts as before 
directed, becauſe the Parts conſiſt not of two pure or 
perfect Squares. But I will put you into another 
Way of compleating the Square, which was the third 


Thing propoſed, namely, 
OBSERVATION 2. 


When any two Quantities are propoſed, whereof 


the firſt is a Square, and the ſecond Member is the [3 


Root of that Square, with a Co-efficient, whether that 
Co-efficient be a whole Number or a Fraction, you 
may always find the third Member, and compleat the 


Square, by this general Rule, 


This may be always done, and eaſily too, by the Doctrine of 
Surds ; but ſuch Caſes very ſeldom occur in the Solution of Pro- 
blems. EDIT. 


RULE 


1 
| 

? 
13 
be 

* 
: 


Te m, "IM? 
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x 

% 

' 
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I 


z 
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| RULE. 


- Take Half the Co-efficient of the ſecond Member, and 
the Square thereof ſhall be the third Member, which will 
compleat the Square of the ſaid two given Members, 


Nov. What, do | you ſay this will do, though I pro- 
poſe any Quantities or Fractions at Random? 
Phi. Yes, provided your firſt Member be a perfect 


Square, and the ſecond has the Root of that Square 


found in it. | N 
Nov. Give me a few Examples. 
Phi, I will. ak 


EXAMPLE 1. 


Suppoſe xx + 8x were to be compleated; here, Half 
the Co- efficient of the ſecond Member, viz. 8, is 4, 
whoſe Square is 16, which will be the third Term: 
xx + 8x therefore, when compleated, will be xx + 8x 


+ 16, the Root of which is x + 4, for x + 4 Xx + 4 
= xx + 8x + 16. | ; . : 


EXAMPLE 2. 


Let xx + 14x be compleated. | 5 
Here Half of 14 is 7, this ſquared is 49; ſo that 


u + 14x, when compleated, is xx + 14x + 49. 


Nov. Very eaſy indeed, and very pretty. ; 
Phi. Notwithſtanding this you ſhall very rarely meet 


with it in Authors. - T 


Nov. I know it; but pray, ſuppoſe the ſecond Mem- 


to have Fractions, how then ? 
Phi. The very ſame as before. 


ver have an odd Number or Co- efficient, or ſuppoſe it 


EXAMPLE 3. 


J.et xx + 5x be compleated. 
Nev. I am at a Loſs at preſent indeed. he 
i. 


tran eZ wit Afro oo we) ore; a " 


— 5 —— — — SN * E 
—— — — — —-—-— — Re nas D 


ber be to compleat the 
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Phi. Surely not, Novitius ! why, is not the Half of 
5 expreſſed 2 . 


Nov. I aſk Pardon, it is ſo, and the Square of 4 is 25, 
is it not?; 

Phi. Vou are right. 

Now. Then I 9 xx + 5x when completted, 
will be xx + 5x + 44 Do by the ſame Rule xx 


— = will be a —= + ; for the 3 of + is 4, and 


5 . 
the Square of + is 25. Sbet me one or two literally. 


EXAMPLE 5. 


Suppoſe xx + bx be given, what will the third Mem- 
quare ? 
Here the Co-efficient of the N Member is 55 


Half of which is A which ſquared i 8 ; ſo that ax +a, 


when eines, is xx + bx + =. See Page 188, 


Example 4. 
| E 6. 


xx + 25 when compleated, is xx + or + 7M For 
a a 4 


half the Co- efficient 71 is 25 thes Square ofarhich is = 


Are you ſenſible of: his] ? 
Nov. Nothing appears plainer. 
Phi. Since you know ſomething of the Nature of 


Invuolution, and completing the Square, I will now give 


you a Notion of Evolution directly. 


4 Wa re | 


Evolution is the Reverſe of Involution, and ſhews us 


how to extract the Root of any given Power, 


" EXAMPLE 


— 1 


a 
O 


EXAMPLES,” 
. | . & * 
xx bb cc xx bbbb. dadd 
5 „* \b:c Root +: * bb dd Root. 


When there are ſeveral Quantities in one Power, 
Then conſider which of thoſe Powers are perfect or 
pure. Squares of themſelves; for ſhould the firſt and 
third be ſo in any Power raiſed from a Binominal or 
5 Reſidual, extract the Root of the ſaid two Powers, 
and you have the ſquare Root of the whole Quantity 
7 or Power. Thus, | | 1 


xx + 2xb + bb Square 


7 * 1 9 2 d 44 — % 7 N 4 7 
% 1 8 
. 2 * 2 
| nix Root 
us 1 4 , - A * " 


For: the Root of xx is x, and the Root of 55 is 35, 
and theſe two connected are x + b, and theſe I ſup- 
poſe the true Root ; but I find it to. be ſo upon two 

r Trials, firſt x x þ = xb, this doubled is 2xb the middle 


Term; alſo x + 6 x x + 6 gives xx + 2x6, + bb, the 


— 


. Power given. Again, 

x#* + 6zxx +9 xx Square 
f xx + 3 x Root. _ | 3 
e Alſo ſuppoſe xxxx — 14 xxbb cc + 49 BB ccc. 


Then xx — 7 bb cc Root. 


Here are two pure Powers, the Square Roots of which 
KW are xx and 7 bb cc; therefore 1 conclude xx — bbc 

L to be the Root, becauſe the middle Member is nega- 
tive, and the Square of Half its: Co-efficient'gives 49 

in the third Member. | . 


F : 1 Nov. | 
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Nev. I underſtand you well; but how am I to a 
the Square Root of Fractions !? ? 
Phi. After the ſame Manner. F or, 


OBSERV.. 2. 


If the firſt der be a pure Power, and the Frac- 
tion alſo, you may conſider it as a perfect Square raiſed 
from a Binominal or Reſidual Root; extract therefore 
the Root of the Numerator for a new Numerator, and 


| of the Denominator for a new Denominater. 


Da as. 


Let xx + 3x + 2 be the Square | 
x + + Root. 


"or my oe of {18 41 and x +} * x +} Ss 
3x + 2. Again, 
Let xx + 3bx + 2#b be ce Gere. 
then will x + 3+ be the Root. Again, 


Let xx — = + 725 be the given Square 


x + 2 Root. 
24 


See Example 6. in Involution.- Alfo, 
Let xx — dx + dd be the Square | 
* 24 Root. 


Do you underſtand it? 
Tyr. Yes, very well, except in one : Thing, and that 
ſeems very odd to me, 
Phi. What is that? 
Now. Why, e Root of the Fractions is 
larger than the Fraction itſelf. 
hi. Not in every Reſpect neither ; I for 2 of ad may 


be more than 1 4; but I ſuppoſe you wonder that the 
Square 


APPENDIX. al 
Iqyare Root of £ ſhould be 2, which is more than ? 
itſelf. _ . 
"Nov. I do fo. 


Phi. That the Root of every proper Fraction is 
greater than the Square itſelf; you may ſee the Reaſon 


pf this, in Dialogue 3. Sect. 3. Note 1. and Note the 3d. 


- 


Sect. 4. of the ſame Dialogue. | 
' Nov. But I wiſh you would demonſtrate it. 
Phi. You aſk Things indeed foreign ta the Purpoſe; 
however I am ready to oblige you in every Thing that 
may be ſerviceable : I ſhall therefore explain it by De- 
cimal Fractions; and you will fee it at once: Now I 
ſuppoſe you. know in Decimals, 25 is 4, 50 is Z, and 75 
is 2 of any Thing. | | 1 „„ 
Nov. Yes, very well, for 25 is & of 100, 50 is & of 
100, and 75 is 4 of 100, their reſpective Denominators. 
Phi. Right; obſerve then, I only ſet down 25 as it 
ſtands in whole Numbers, and find the Root thereof 
5, which is 5 Times leſs in the Root than the Square. 
alſo in g ſet down 25 with a Dot or Prick before it, 
thus .25, and the Square Root is ſtill 5; but I put a 


i Prick alfo before the .5, that being a Decimal alſo: 


Now .5 you know is £: By this you ſee that the 
Square Roots of proper Fractions encreaſe in Value or 
Quaneiey in Proportion to the Decreaſe of Roots of 
whole Numbers, 

Nov. I ſee it plainly, and I heartily thank you ; but 
how ſhall I know when a Square is not perfect, and 
how am I to act in ſuch a Cate. 55 

Phi. That will diſcover itſelf by the foregoing Rule; 
that is, if there be not two pure Squares; or if the 
double Rectangle under the Squares make aot the mid- 
dle Term: in ſuch Caſes as theſe, you only put this 
Sign () before it, to ſhew it is a ſurd Quantity. 
For this Sign is called the Radical Sign, or the Sign of 
Irrationaliiy. Thus, . | 

The ſquare Root of xb is V xb; of xx + dd is 
AJ dd. 55 | 

Now you ſee it is plain xx + dd is a Surd, or a 
Quantity that is not a * Square; for the SO 

N E - 2 O 


5 
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of xx is x, and the e Square of dd is d; theſe connected 


are x + d; but x+dxx+4d =xx + 2xd + dad; 
conſequently, xx + dd is a ſurd Quantity. 
So alſo the Square Root of xx + 2xb — bb is 


xx + 2xb — bb „ becauſe the ure 1s affirmative, and 


the. third negative. ; 
Again, The ſquare Root of xx 1 5 b + bb is ex- 


—— _ 


preſſed xx + 5xb + bb; becauſe the middle Quan- 
tity is not juſt the Double of the Product of x and 6. 


And now, Novitius, I will give you a Table of the 


Powers, and ſhew you the Manner of involving them 


more plainly ; and alſo more of the Nature of Inveſti- 


ien by Wr of e 
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Ba, | 2 
Here follows the Method of Inveſtigation, or extracting 
| 7 | the Roots of all Pos, ; 
＋ Square Root having been ſpoken of before, 
I ſhall here begin with the Root of the Cube or 
third Power. And you are to take Notice, Vovitius, 


ſecond Power, that Part muſt be rejected. 
1, Of the Cut Roor. 


be = b, and let x + e= 3 b: Then, if you involve 


have 


] „ 2 «i — 
1 1 3x*e + 3xe* + eee = 
eee, & 3x | I 7 + xe Te = bo 

XX | ag | — h xx 

” 15.08 WET TT Ons RT 

JC 
3 jw 2 4 5 33 

5 . =. b Xx 2 

4 45 [| +e=Z+ /Z—E= 7 


* The following Theorems are the ſame in Effect, though not ſo 
ealy in Practice as ſome that were publiſhed by Dr. Halley, in 
the Philsſophical Tranfations, which ſhall be treated of in the 
Supplement. Their Uſe is to find the Roots of pure Powers, by 
Approximation. I adviſe the Learner to omit them entirely, till he 
has acquired a Facility in the Management of Quadratic 1 -=""o0{ 

Z . 4. EDIT. 


/ 


+ Theſe Terms are reje&ed on account of their ſmall Value in 
Compariſon of the reſt. But it is to be noted, that the Root found 
this Way will not be exact, but only near the Truth. Epir. 


Now 


that in all the following Operations wherein e is above the 


Let the given Number whoſe Root is to be extracted, 


ll - x+e to the third Power, that is, Cube it, you will 


. ee eee | 
1 3 NR on 78 UT LR: Age L 
ccc ge, 


Ra — 8 
W. 
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Now this Method will always hold good in every + 


Operation, whether you ſuppoſe x + or — than it really 
is, as plainly appears from the next Work. For, 


Let 22 VV b 


- 3 11 3 — 24 o 5 > 
r rejecting | 7» oo Þ+ 3 p 6 E 
J- 
12 3 74 3 ax _ 12 
3 * ITS: „ 
8 * b xx 3 
+ D << —- n= 4 * 2 2 
7 nenne 17 :© f vb, 
as before. 


* 


2. Of the Root of the BIQUADRATE or 4th PowER. 


— DEAE ak 


x 1 5 | 
Lea ile 4lantT. 
1 @4|2|xt + 4x30 + G =b 


K 4 e 3. Of 


.. ²˙ümm 2 ͤ— 
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3. Of the Root of the SURSOLID br 5th Powen, 


4. of the Root m the C UBE ſquared or 6th Pow nn. 


1 EP RF e 2 
1 ©&- 5 | 2 E 
i r rn th | 
2==10x? —＋ = 2 — 
310 be 2 TA ner 
3 e . 
— xx — + — + e = — — = xx 
1 3 80 7 16 + 2 T 10x”. 100; 
1 F * + . b 3 
ſn; TW on — — — 2 — 
| | 7 1 4 10x? > BO! 
1 ge 5 — 
1 = 6} x e 222 Ie E= 
If + 4+ | 4 i + 10 80 * 
: [4 
{ 
| 


n 
r 


And thus may you 1 to the Root of the 1th, 
8th, goth, Toth, &c. Powers. 

Now from a due Conſideration, Nettles, of the 
above Work, (for I cannot expect you to be perfect in 
it yet) you may, by comparing the Roots thus inveſti- 
gated, form ethods for finding of general Theorems 
to extract the Root of any higher Power without * 
troubleſome Operation. 

Nov. I ſhall like to know that. 


Let [re =v/F : | 
1 G- 6 | 2 wt + — e + 1 2 
. ir 2 += . =o 5 
| : xx — * ＋ e = b PT fo of 1 3 
75 7 Sh = or e 75 N ; 
@_ 12 — 2 3 
&b — — — — { 
? ? 5 V 154+ 75 1 : 
* * 4 3 . 2 6 , om | Li 


8 


Try at 
4 n 


. 
e 
* N * 
DOE 1 — 


* _ 
* 2 3 — * 
N — 2 ; 


_ 


L SCN AN 
4 Ms. 


Phi. 
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„ Obſerve then, firſt let us compare the four laſt 
N and you will find the Fractions before x 
increaſe uniformly, and that the Numerator and De- 
nominator of each is always Unity more added to each. 
Thus, 5 


Z z 3x g gx, &c. Cc. as follows: 


3 SE Ei ws 
2 | 


„ | 
7 + Vn Wc 


7, 7, c. From hence follows, 


: 
. * 


OSE Rv. 2. 


Again, If you compare the Power by which 5 is 
divided, you will find it increaſed by the continual 
3 Multiplication of x; and that the Co- efficient of the 


8 
Xe 185 
e 
4 2 * 


K 5 dition 


So that they follow you ſee in a Series, E, 2, 3, 4, 8 


wt n 


ſaid Power (5) is increaſed alſo by the continual Ad- 
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dition of 3, 4, 5, 6, 7, 85 Ke. Hence therefore evi- 


dently lar 


3 
7 ww 
_ + Tet XX 
: = x + _ XX 


3 FE 5 
Sr * pg Xn &c, &C. 


OBSERV. z. 


From what has been obſerved, it may eaſily be 
evinced, that the Fraction into which xx is multiplied, 
is found and produced by multiplying half the Frac- 
tion annexed to x into the whole Fraction annexed to 


5, Whence 3 


5 | 1 
2x 7 I 
. 8 18 
3x _— 
* 1 80 
2473 
5 ax” Fs 
S 
* 21x53 "262 
6x 2 b a 6 ] 
7 + IJ 195 


go 


vi- 


5 


be 
ed, 
ac- 
to a 


435πꝗu᷑ 
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Now in order to diſcover a Theorem, by which the 
Root of any Power may be extracted, you are to obſerve 


as follows. | 
NoTE I. 


That the Denominator of the Fraction into which +. 
is multiplied, is always leſs by Unity (or 1) than the 
Index of the given Power, and alſo that the Vumerator 
of the ſaid Fraction is leſs by one than the Denomznator. 


No r E 2, | "WED 


That the Index of the Power of », by which & is di- 
vided, is always equal to the Numerator of the afore- 
ſaid Fraction. 8 i 

; e : 
That the Co- efficient of the ſaid Power of x, i 


- 
1 


s pro- 


duced by multiplying z the Index of the given Power 


into the ſaid Index leſs by 1. 
5 LAS TE V. 
The Fraction into which xx is multiplied, is the 
Product of I the Fraction annexed to x, and the whole 
numerical Fraction annexed to b. | 
EXAMPLE. 


Let the Thorem of the ee be required; then by 
Note 1. | 29 — 1 = 28 1 
| — Fraction of x. 
| 30 — 12 29 6-0 
And by Note 2. follows + 
By the third Note, 15 * 30 — 1 = 435, therefore 
And 23 
By the fall, © 5 4h & EE 698 
29 435 12615 : | 
* 
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The Theorem then when compleated i is SLE x + 
* 


aer — _ xx . Again, | 
Let the Theorem of V's b be required, 


I1 — 1 = 10 


Firſt, 5 25 — 1 2 11 | 5 

2dly, TT 

34ly, 6 X12 —1 = 66, which compleated is = * 
8 2 — xx = V b 


_— 

From a little Obſervation and Practice, Novitius, 
you may, from theſe Examples, ird yourſelf fur- 
ther in theſe Things. 

Nov. I could do it the better if you would pleaſe to 


work me a few Problems. 
Phi. 1 will, and ſet a few for Trial. 


Here follows ten PROBLEMS, fhewing the Manner 
of compleating the Square and extradting LE ood 


thereof. 
PROBLEM J. 


There are three Numbers in ; the Mean is 9, and 
the Difference of the 1 is 243 I demand the 
Numbers? 


1 | x for the leſs Extreme 

2 | x + 24 the greater 

3 | xx +24 their Product (Q) : 

4 | xx + 24x = 81, the © of the Means, 

Now » being found with the Co-efficient 24 
before it, you muſt firſt compleat the Square 
before you can tell the Value of x, thus: take ? 
the Co-efficient, viz. 12, whoſe Square is 144, 
put it on both Sides of the Equation, then it 
| will be? = 


# N. B. I give this as one general Rule for all the other ks, | 


151 


W 


| x + 12 2 15. 8 


AP PE N DIL X. 
xx 24K + 144=81 + 144, i. e. = 225, 


9h 


Then 
extract the Square Root on both Sides of the 
Equation, and you have 


(See Example 1. pai 191. ) 


Now take 12 from each Side of this new Equa- 


tion, and you have 
x = 3, the leſs Number. 


Ps 1 3 4 4 = 7. the gr No. 


Paoor. 


3:92:92 273 forgX27 . 


PROBLEM u. 


A certain Number of young Rakes Re to Have 
an Evening's Frolick at a Country Fair, and wen 


into an Inn or Tavern and eat and drank freely; bu 


upon calling for the Reckoning ( 
to 7 Pounds and 10 Shillings) 4 of them ſneaked away, 
by which Means thole left were obliged to pay 10s. a 
J demand the Number at t firſt, and che 


Piece more; 
Number left. > 


7. * at firſt 


4 I 


2 


E *. ; 


— the Share of eich 


5 * — 50 thoſe left 


—, bare of thoſe left 


* — 4 


150 — 10* + 40 


* 


I5ox — loxx + 40 * = ew 8 


IC xx 4o = 600. 


the Square, 


wx —4x +4 =60 +4 = 64 
=> 


{x—2=4/6 


That is, — 
xx + 4x =o. Now C on, viz, - compleating 


10, 


* =8 + 2 = 10, the Number at firſt 


* —-— 4 =10—4=6, thoſe left. 


Or 


which amounted ruſt 


| 


: 


5 150 00 Then * A > =. | 


I5Ox — 600 


PROOF. 
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pier ö 


10 Perſons, at 15s. each = 1505. = 4, 7. 10. 
6 Perſons, at 25s. each = 150. = £7 10. 


PROBLEM III. 


What Number is that from whoſe Double 10 being 
ſubtracted, the Square of the Remainder leſs 1 will be 
equal to 7 "Times the ſaid Number? 


| 1 | for the Number 

2. 2x — 10 whole J is 

3 | 4xx — 40x + 100. Then (Q.) | 
4 | 4xx = 4ox'+ 100 —1 = 99) Six. That is 

6 | 4xx — 47x = : = 99. hen — 4 | 
6] xx — 11,757 = 24.75. C n in the fame Man- 
| ner as before, by adding the Square of the Co- 
EY efficient of x to both Sides of the Equation, and 
1 you will have, 


7 | xx — 11.76 + 5.875* = — 24.75 + 5.875* 7 

= Xx — II. 75* + 34-515035, 5 65625, (for — 
124.75 + 34515025 = 9.765625 of and extrating 

the Square Root on beth Sides, 

8 | x — 5.875 = 9.765625, 765625, VIZ. 3. 125. And laſtiy, 

19 1* 5.875 + 3-125 =9, the Number. 


—% 


Note, In this Solution, the Manner of compleating 
the Square, and extracting the Root, as they ſtood in the 
former Editions of this Book, was un | 

ſ ., DIT. : 


2 


9 2 is - 10 2 8. Now 8 * 8 8 643 and 
ä | 1 


PR O. 


6 οο _ 
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PROBLEM IV. 


A, Executor to B, finds among other Thivgs a Pro- 
miſlory joint Note of J. 174 due from C and D, and 
makes a Demand of it; but C and D not being able 
directly to pay it, *twas agreed upon to take it as fol- 
lows: C was to pay J. 8 every Day; and D was to 
pay L. 1 the 1ſt Day, 2 the 2d, 3 the zd, &c. I de- 
mand in how long Time the Debt will be paid ? 


] x | Put-x for the Days, or Time; then 


| 
2182 = the Number of Pounds paid by C. 


xx + x 


= to what D pays. And their Sum 


2 


3 


2 
5] xx +x +16x= 348. C. Q . 3 
16] xx + 17 x + 72.25 = 420.25. Extr. Roots 
[7 | x +8; = 20-6, , — ES | 
8 | 12 Days. So that C paid 96 and B 78 C. 


PROBLEM v. 


There is a Field in the Form of F ig. 1. 
a regular Parallelogram ABCD; 4 


the Length exceeds the Breadth by 2 6 — 
16 Rods or Perches, and it contains 9 0 | 
C 


| goo Square Rods; 1 demand the 


ength and Breadth of the Field! D 


| : x for the Breadth 


x + 16 Length 


I 

2 

3| xx + 16 x Area (Q.) 

4 | ＋ 16x See N 
5 
6 


xx + 16x + 64 = 960 + 64 = 1024 


| Breadth © 
7 1x + 16 = 40, the Length 


45 — + 8 4 174, (Q} - . 


x +8=y 1024 = 32; and x 32—8= 24, the 
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PROBLEM VI. Fig. 2. 


A certain Gentleman B 
had in his Garden a Foun- A | | | 
tain, in the Middle of WH * © 
which ſtands a Lion; at * | 
unequal Diſtances from |] . "5 3 | 
the Centre of the Foun- . 8 
tain he built two Towers P 25 2 C 


A and B, whoſe Baſes ' 
DC are in an Horizontal Plane, or even with the 
Head of the Lion at e: The Height of the Tower 
AD is 57 Feet, and B C 76, and the Diſtance be- 
tween them (viz. DC) is 114 Feet: Now the Head 
of the Lion (at e) is equi-diſtant from the Top of each 
Tower: I demand the Diſtance from the Lion to the 


Baſe of each of the Towers ? 


& | x for the leaſt Diſtance e C, and let r — 1 De 
2 | un + xx =yy per Figure, and 47 I. Euclid, 
bb + rr — 2rx + xx =yy per Figure 
| un = bb + rr — 2rx 
nn + 2rx = bb + rr 
2rx = bb + rr un 
* . 5 — — = 45 12, And 
114 — * — 68 1 | 
| Sum 114 


So that the Diſtance from the Lion at #, to the 
a _ C B, is 45 4+ Feet, and from the 3 DA 


＋ Feet. 


Here follows a few more Quęſtions to 2 the 
Learner. | 


PROBLEM VII. 
There is a Piece of beg " 


80 WW Own > w 


ABCD, in the Form of 2 
Parallelogram ; the Length is 
three Times the Breadth: 


This Piece 4 Ground is deſigned for two 888 the 
Length 


cd IT Al » 


IVY 


dies Diary for the Year 1711. 


— 
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Length of the Kitchen-Garden Ce is 18 Rods, and 
the Content of the Flower-Garden D Be is 120; I 
demand the Length and Breadth of the Whole Ground. 
PROBLEM; U Yoko 
There are two Lines A and B in ſuch Proportian 
that the Double of the firſt (viz. A) with the Triple 
of the ſecond (B) will make 60; and double the Square 
of the ſecond with Triple the Square of the. firſt, will 
make 14 Times as much; I demand the Length of the 
Lines A and B. „ FF 13 Rk 1 | 
There is a certain Number conſiſting of 2 Figures, 
andiit is equal to 4 Times the Sum of its Digits (vis. 
the Sum of the 2 Figures) and if you add 18 to the 
Nuraber, the Digits will be inverted, viz. the firſt 
Figure will ſtand laſt, and the laſt firſt; I demand the 


Number ? | | | 

- 4 EROBL EMA >: 
T babar Eads Ev'ning with a Tinker to fit, ©. 
(Whoſe Tongue ran a great deal tos faſt for his Mit) 
He talk'd of his Art with Abundance of Mettle; © 
Then I aſk'd him to make me a flat-bottom'd Kettle, 
The Top and the Bottom Diameter to be, 
In ſuch juſt Proportion as five is to three: "4s 
Twelve Inches the Depth (I propos d] and no more, 
And to hold in Ale Gallons Sev'n leſs than à Sure. 
He promis'd to do it, and forthwith to work went; | _. 
But when'he had done it, he found *twas' tos ſcant 5 
He alter d it then; but too big he has made i;; 
For tho" it holds right, the Diameters fail it: HS 


= Thus making it often too big and too little, | 
De poor Tinker at laft had quite ſpoil'd his Kettle; 


But he ſwore that he'd bring his ſaid Purpoſe to paſs 
Or elſe he would fpoil'ev'ry Ont of his 2 Ws 3 
Now to keep him from Ruin, 1 pray find him out 


3 | The Diameter's Length? — For hell nber dot I doubt! 


Note 1. This Queſtion was ſent to the AUTHOR about two Years 


7 450 ; — you have the ſame Numbers with very little Alteration of 


Note 2. By the EDITOR. This Queſtion was taken from the La- | 
N er 


* 
LU 
5 

41 

1 


HE Dae 


MEAS IST, Apa EL AE: . N 
Eee * n 2 2 = — > pt 
: >. 8 — * * 


— — 


— I on 4 


r 


ok. on error; — AE le — 
* — — .—bEè et cr 
— —— — — no 
—— * 


as J have been wanting in nothing that might be of 


52 Feet Difference, Novitius, the Content of the re- 


is any 


meter, thus: As 3.1416 to. 1, ſo is the Circumference 
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Thus, Novitins, I hope you will be kind to young 
Tyro, and inſtruct him in all that lies in your Power, 


Service to you. | | 5 

Nov. Sir, You may depend upon it; and permit 
me to-aſk you but one Thing more, and I will trouble 
you no longer. ee >» . 
P)bhi. What is that, pray? RE 

Nov. Only to give me the Work of the different 
Content of a Piece of Timber or Stone in the Form | 
of a Cylinder, and Parallelopiped, for ſome fay there | 
is no Difference at all. OT | 

Phi. Tis a common Miſtake, but there is very near 


ular Parallelopiped being juſt 20 Feet, and the Cylin- | 
er 25 Feet +4. But pray, Novitius, let me know the | 
Reaſon of your aſking this Queſtion, for your ſeem to 
be very earneſt about it ? | 
Nov. To tell you the Fruth then, Sir, there was 
ſome ſmall Diſpute between two or three of us con- 
e but I could not make them ſenfible there 
i fference at all. CE 
Phi. But why did you not work them both by Fi- 
gures, and that would have convinced them? 
Nov. I did, and make it the fame as you do; bat 
they would not be ſatisfied with that, which occa- 
tioned a ſmall Bet between us to be left to your 
Determination. 5 | 
Phi. If you did it the right Way furely they could | 
not be ſo ignorant! Let me ſee your Method of do- 


ing it? SR. | 

Now. Firſt for the ſquare Tree, that being 48 Inches 
Circumference, con{equently has 12 Inches upon every 
Side. Now 12 multiplied by 12 makes 144, the fuper- 
ficial Content; and this multiplied by 20 the Length, 
and divided by 144, gives juſt 20 Feet the Content. 

Phi. Very right; and how did you proceed with the 
Cylinder ? 3 = 

Nov. A Cylinder having a Circle for its Baſe (and 
being 48 Inches Circumference) I find firſt the Dia- 


| 4. 

WH 

1 
BE 


N 1 4 4 
=. 
TOES 
= 
- Ix 
_—_— £ bo 
_— 
= 
32 be 4 
K A N 448 5 
_ 24,..= 
4 F. Gold: 
5 v Bs 
4 .\XY 
4 9 7 
5 „ as. => 
A * <I> 
N Wh. * 
Ss 72 * 
a 8 
76 'Y 2 
1 
* ps 
"uh Fx A 
1 
1 av 


(48) to the Diameter (15.2788 Inches). Then to 3 
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a che ſuperficial Content at the End, I multiply Half the 
7 . o , : . 
be of Diameter, (viz. 7.6394) by Half the Circumference, 
W /v:s. 24) and it 75 183.3456 Inches the Area at the 
- nd, his divided by 144 gives 1.2732 Feet; and this 
ermit 0 - 5 5 ; 2 
duble multiplied by 20 the Length, gives 25.464 ſolid Feet, 


which is nearly 25 as you obſerved before. 

Phi. Very rightly 1 and would not this ſa- 
tisfy them, do you ſay ? . 

Nov. No, indeed: they ſay all the calculated Tables 
in Timber-Meaſure prove the Contrary: So, as I ob- 
| ſerved before, it is left to you to decide. | 
Phi. To oblige you, Novitius, I will ſhew you (by 
and by) a Method that will not fail to convince them. 
But firſt I will tell you the Reaſon of this common 
Error; for you muſt note, you are not the only Per- 
ſon that has been Witneſs to this Folly. As toall the 
ſet Tables, they are calculated for ſquare-ſided Timber 
only, according to Cuſtom (for we are not to ſuppoſe 
every pretended Meaſurer-a Geometrician) and in this 
the Pen and the Tables will agree; and the Reaſon 
is this, they girt the Tree round, then take the fourth 
Part of that Circumference 2 called the Girt 
by ſome) and multiply it by itſelf, then by the N 
of the Tree; after which they divide it by 144, and it 
gives the Content in ſolid Feet; but then, as I ſaid 
before, it is only for ſquare-ſided Timber that this 
Method holds good. For of all other ſhaped Timber 
the Content will be more or leſs as I ſhall demonſtrate 
hereafter, that will not fail, I believe, to convince your 
Friends of their Error, 1 4 

If indeed the Buyer and Seller agree according to a 
= cuſtomary Way of meaſuring any Thing, we have no 
8 Buſineſs to meddle; but when we are called upon to 
do Juſtice between both, we muſt then proceed ac- 
cording to the juſt Rules of Arithmetic ; which ought 
not in any Reſpect to give Way to Things introduced 


erent 
'orm | 
there | 


near 
e re- 
lin- 
the ? 


Was 


he merely by Prejudice or Ignorance, which may very 
nd well be called the Nurſes of idle Cuſtom, as you may 
ja. ſee in a Series of Inſtances beſides the Caſe before us. 
ce But to give one only, DE 

d J have heard a great many pretended Meaſurers 


affirm, that take a round Piece of Timber, and let four 
1 | | _ labs 
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Slabs be ſawn off it, and even then it will contain more 
ſolid Feet than it did before. The Engliſh of which is, 
if T give you Two-pence out of a Shilling, I ſhall 
then have 14d. in Hand, ——W hat Stupidity is here! 
Again, in a ſquare Free 48 Inches rou:C, it is plain 
one Side is but 12 Inches; but in a round Tree that 
is 48 Inches Circumference, the Side of a Square equal 
thereto will be ſomewhat above 13+ Inches,* but the in- 
ſcribed Square will be on each Side butabout or Inches. 

However, I ſhall leave Arithmetic, and demonſtrate 
it by one plain geometrical Figure only, which I never 
knew fail to. convince this Sort of Feople ; becauſe 
they can ſee the Reaſon of it directly upon looking at 


the Scheme. „ 
„„ % 5 
As it has been proved that a Circle 48 Inches Cir- 
_ cumference, is 15,2788 Diameter, the Semi-Diameter 
muſt be 7.6394. From any Scale of equal Parts there- 


fore take off with your Compaſſes 7.6 Inches, and 


from C the Center, deſcribe the Circle A, A, A, A, 
whoſe Circumference will then be 43. Then from the 
ſame Scale take off 12 and make this the Side of a 
Square; then complete | A | 
the Square B, B, B, B, 

whoſe Perimeter will 1 
alſo be 48 Inches. oy Dn, +... 
Now ſuppoſing this is 1 | RD 2s 
Square to be laid up- 15 5 5 
on the Circle, does . WE 13S 
it not evidently ap- .. . C. . . a. oF A 
pear by the Figure it- | 

ſelf, that the Area or 
1 3 of : 
the Circle is larger * 9 
than the Square: For B 1 B 
though the Square 
hangs over the Circle : 5 1 
at the Points B, B, B, B, yet the four Areas or Segments 
of the Circle A, A, A, A, are each of them larger than 


9 
20 
* 


* Find the Area of the Circle, and extract the ſquare Root tbereof 
the 


gives the Side of the Square equal to the Circle. 
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the former. Conſequently therefore the Area of a Circle 
is larger than the Area of a Square, whoſe Perimeter is 


2 equal to the Circumference of the Circle; and if the 
1all ſuperficial Content be greater, it is out of Diſpute that 


the ſolid Content is alſo greater. 

Nov. This is a plain 0 indeed! 
Phi. To be ſure it is much the eaſieſt Way: For 
ſuch as are ignorant of the Square and Cube Root, 
only think you are impoſing upon upon them when you 


in- 

wah work ſuch Queſtions at large; but here they are con- 

ate vinced directly. | 

ver Nov. They are ſo. 

uſe Phi. From hence then it is evident, That a Circle is 

at larger in Area than any other Figure having the ſame 

Circumference, And all Polygons are nearer the Area 

of a Circle of equal Ambit, according to the Number 
of Sides; (as a Triangle, Square Pentagon, Hexagon, 

ir- Sc. Sc. Sc.) for the more the Sides the nearer the 

ter Circle, but they never can be quite ſo, for this Reaſon, 

re- becauſe a Curve Line is longer than a ſtraight one.* 

nd Again, 8 

A, You are to obſerve, that the Side of the inſcribed 

the Square (in the aforeſaid Circle) will be nearly 10.8 

” a MElnches, and its Content 16.21 Feet; and the Content 


of the circumſcribed Square will be juſt the double, 
biz. 32.42 Feet. The Content of the Triangle (48 
BE nches round) 15.4 Feet. That of the Square juſt 203 
that of the Hexagon 23 Feet. e 
= Nov. Dear Philomathes, I heartily thank you. 

Phi. You are heartily welcome, only do you com- 
unicate to 5 what I have ſhewn you; for if 
ſee you both diligent, I intend (as ſoon as I have 
None with young Tyro in common Arithmetic) to in- 
I truct you in the Rudiments of Geography and the Uſe 
f the Globes. In the mean Time, Novitius, I bid 
1 you a hearty Farewell. 


U Nov. Sir, I am your obliged humble Servant. 


It is well known to Mathematicians, that the Area of a Circle 


- 1 6 greater than the Area of any other Figure of equal Ambit; but 
in ne Argument for it above given is not concluſive, EDIT, 
9 | | 
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Young Algebraiſt's Companion . 


CONT ALFERSS: 


I. The Methods of exterminating two, hone 
or more unknown Quantities out of an Equa- 
tion. 


II. Some further Obſervations on Quadraties: f 
In which it is proved that * ſuch "IO 
tion has two Roots. 


III. A Definition of Surds, according to Dr. 
Sawnderſon ; and ſome uſeful Rules FA 
to them. 5 


5 IV. S further Obſervations on * res. | 
tion of Roots: in which the Uſe of Loga- 
rithms is recommended and illuftrated. 
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P. R E M 


| 1 
N the foregoing Part of this Book, the Author, Mr. 17 
 FenNING, has treated only of Equations that have one | 
unknown Duantity ; which, indeed, was ſufficient for the 1 
Solutions -0 ths Problim he has given, But there are | 
Problenis that require the Uſe of two, three, or more un- 
3 known Duantities ; and even ſome of thoſe Problems that 
are ſolved by Means of one unknown Quantity, may be yet 
2 done by Means of two or more. It bas theręfore 
thought, by ſeveral Teachers of the Mathematics, that the 
Management of Equations that, contain two, three, or 
more unknown Quantities, and the Solutions of ſome Pro- 
blems that produce ſuch: Equations, would be a valuable 
Addition to the YOUNG ALGEBRAIST's COMPANION. 
In Compliance with their Miſbes I have written this Su 
plement, which is divided into four Sections. | 
Sect. I. Contains the Methods of exterminatins two, 
three, or more unknown Quantities out of an Equation, to- i] 
gether with the Solution of ſome Problems by Way of Illu ſ N 


tration. | ” | 
Sect. II. Contains ſome further Obſervations on Qua- | 
| 


53 
UV 


dratics; in which-it is proved, that every ſuch Equation 
hath two Roots. £ 

Sect. III. Treats of Surds; their Uſe in Calculations, &c, 

Sect. IV. Contains ſome further Obſervations on the 
Extraction of Roots; in which the Uſe of Logarithms is 
recommended and illuſtrated; and the Advantage of com- 
puting by thoſe artificial Numbers, even to Algebraiſts, is 
clearly pointed out. 

The Method of Dialogue is laid aſide, as it may reaſon- 
| ably be ſuppoſed, that the Learner cannot now want ſo | 
| many Words in the Explanation o any Matter as at his j 
firſt Entrance on theſe Studies. However, I have endca- | 


voured to make every Thing I have treated of eaſy to be | 
| wnderſlood. | | | : 


=. Grren's Nokro, —=— J. HELLINS. 
in the Count of Northampton, | 
E | December 1, 1786. : 
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Of exterminating two, three, or more unknown Quanti- 
ties out of an Equation. 


HEN two or more Equations are propoſed, in- 
- as as many unkgown Quantities, theſe 
« Equations mult firſt be prepared by rocuy from 


< Fractions whenever there are any, and by ordering 
every particular Equation fo, that all the unknown 
© Quantities may potleſs one Side of the Equation, and 


«« ſuch as are known, the other; or elſe, that all the 


6 8 may poſſeſs one Side of the Equation, and 


a Cypher the other. It will alſo be convenient, that 


in every particular Equation, the unknown Quan- 

c tities be placed in the ſame Order.” 1 BE 
The above Quotation is from Dr. Saunderſon's Al- 

8 vol. 1, page 136. I now proceed to deliver the 


ules of Extermination. 


When there are two unknown Quantities, x, and y, and 


100 * | 
5 | RU EL 


Find a Value of one of them in each of the Equations, 
and put theſe two Values equal to each other, and you will 
have a new Equation which ſhall. contain but one unknown 
Quantity. Or, 1 . ; 

| RK VIE Ihe. | 
Find a Value of one of theſe unknown Quantities from 
the firſt Equation, and ſubſlitute that Value for it in the 


Second, and there will ariſe a new Equation, in which 
there will be but one unknown Quantity. Or, : 


RULE MEE. 


Either multiply or divide the two given Equations b 
any two Numbers or Quantities that will make the Co- 
L 2 efficient 


>... 


» 
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efficient of the Quantity you would exterminate the ſame in 

both Equations, and then, if the Signs be like, ſubtract the | 
one Equation from the other,—if they be unlike, add the | 
Equations together, and you will have a new one, in which 
there will be but ont unknown Quantity. 


EXAMPLES a5 1th 


Givey * +9 =4} 
„ Quere x and 5? 
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Solution by RuLE I. 


2 
— — 
— — 


From the firſt Equation we have, by tranſpoſing y, 
* =4—y; and from the ſecond Equation, 
4 22 1 . | 


— 


— 0 
— — Fx. , on verry I EA . - 
S ·L r OT oc OI : © r 
bY” == = . 2 
d. 1 — 

= — oy 


_ — 2 


Now put theſe two Values of x equal to each other, 
and there will be a new Equation, from which x will 
be exterminated, thus: IF 


= 972 Oe ere res - * 
- — — — 


i 
i 
we; 
le 
| 
f 
if 
. 
1 
. 


N r 
9 eee r 


2 1524 —5. 


And then, by tranſpoſing 2 and — y, we get 


an = =L 


* 


The Value of y being now known, that of x will 
be eaſily obtained from either of the Equations in 
which it is expreſſed in Terms of y and known Quan- 
tities, For ſince we have x = 4 — y, and y is known 
to be = 1, we have 3 STS 


4 
; 
: 
4 
* 
7 
' 
F 
3 
7 


* 


x=4—1=3. 


Or, if we take the other of the Equations that ex- 
preſſes the Value of x in Terms of y and known Quan- | 
tities, we ſhall have x =2z+yz, =2 + 1, = 3, as 
before. Dr en by | 


The unknown Quantity y might have been extermi- 
nated in like Manner, which I will now do by Rule II. 


[1] 


os Tree en 
72 D We II EILAR N 
= r e r 8 
1 1 Cc 
"N 5 CC N 


be 


| 2 
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Given 5 N =2 to find x and y. | 


n 


By 9 x in the iſt E we RY 

3% = x. Then ſubſtitute this Value of y for 
it in the zd Equation, and we have, 

4 41 25 1.6. 2x — 4 2 2. And laſtly, 
| F by@4, and dividing by 2, we have, 

3 * 7 = 3, as before. | 


The ſame done by RuLs III. 
Add the zd Equation to the firſt, and the Sum will 
21 45-24 T2, f. e. 
Rt? and e ↄ ꝙꝓ TH 


Again, ſubtract the ſecond Equation from the firſt, 
and wp Remainder will be zy = 2, and conſequently 


"And this is evidently the eaſieſt Way of findin the 


| Values of the unknown Quantities in the above Equa- 


tions. It is to be noted, however, that ſometimes one 
- a Rules will have the Advantage, and CAIRN Wo 
the other, 5 


= 


EXAMPLE ö 


15 Given $1: £0 ond fit 09 


By p zy in the firſt Equation we get 
3 . 575 and x = a 9-4 Again, by 
@ 7y in the ſecond Equation, we get 

41 . 31.— 7% and & = rt - Now put | 


| theſe two Values of x equal to each others and 
we ſhall have of 


22 — = LE: And then by multiplying 


BY [ both Sides of the Equation by 4 we ſhall have 
D 
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. - 


) 


29 — 3y = 62 — 149; for any ntity multiplied _ 
by 4 and divided by-2 is 7 Qua ſame Quantity 
| eee by 2. e by Tranſpoſition, we 
ave 
4711 5 9 2 62 — 29; 1 e. 11y = 33, and 
8 * 33 — 13. The Value * being now 
4} 4 found, the Value of æ may be eafi diſcovered 
from either. the zd or 4th, Steps. b rom the wha 
Step we have 


3 = — = 29=9_ 20 _ 
ey FEAT 
But the 3 of x and y in the above Suagiens 


may be quicker diſcovered by Rule III. 


Since the Co-efficient of x in the firſt Equation is 
double the Co- efficient of it in the ſecond, multiply the 
ſecond Equation by 2, and it becomes 4x + 1% = 62; 
then take the firſt Equation from it, 4x * ze = 29, 


— 


There remains * 115 2 = 335 
and ee 5953. 


E x AM f L E 3. | 


f 1 | Given x + = wh 


od inns Quere x andy? 


- A 


By „e Means and Extremes in the ſe- 
cond Equation, we get 


3 |3*=2), and x = hg And by tranſpoſing 5 in 


j the firſt Equation, we navy, : 3 
44 x =20 — y. Put theſe two Values of x equal to 
each other, we have 


15 == 20 — y, from which we get 

16 25 60 — 239. And® 3, | 

7 | 59 = 60, and y = bo 5 = 12 eu, 

II 20 20 12 2 8. 1 W 3 | 
Theſe Examples may be ſufficient. to inuſtrate the 


Methods of n two unknown Quantities out 
of an Equation. 


When 


in an 
given 


n 


ms 


— 
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When there are three unknown Quantities, x, y, and 2, 


Equation, the ſame Rules are to be uſed that were 
in Page 219, for the Extermination of two unknown 


Quantities; only it is to be obſerved, that there muſt be 
given three Equations, or the Values of theſe Quantities 
will not, in general, be determined. 


EXAMPLE. 


x + y + z= 12 | | 
Given | * INF "ho find x, y, and x. 
61 


* 
ho 
0 |= 
1 
N 
[| 


three Equations, 
X=12—yJ—2 
| * = 20 — 25 —JZ | 
x = 18 — _ — 3z. Now ſince theſe three 
have, by taking 5th and 6th Steps, 
3, 3 


| 13 — = — 32 = 20 — 2y — 3, or 


3) 
2 


tion, we get, 3 
4y Y = 49 — 36, and 
us write that Value for it in the 4th and 5th 
Equations, and we ſhall have | 
* 2 12 — 4 — 2, i. e. Xx =8 — 2, and 
* 20 — 8 — 32, 1. e. x = 12 — 32, Now put 


there will be | 


8—z=12 — 32; from which, by Tranſpoſition, 


L4 — 4434 


By Reduction and Tranſpoſition, we get theſe 


Equations are equal among themſelves, we 
18 — = = 20 2y, from which, by clearing 
the Equation of F ractions, and Tranſpoſi- 


y = 4. Having obtained. the Value of y, let 


theſe two Values of x equal to each other, and 


—— LY —— — nt — — 
— Ot ihe fo 2 
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\ 13 4.22 , ANd 2 =. 


it remains only to find the Value of x, which 

may be done by'writing for y and 2 their Va- 
laes in either the 4th, 5th, or 6th Equation ; 
but eaſier ſtill by writing for z its Value in the 
roth Step, iz. x = 8 — 2, which becomes 

* 2 82286. | 


4 
| 
14 


Note, The diligent Learner may perceive, from what 
has tcen done in ſome former Examples, that the Va- 
lues of theſe unknown Quantities might have been 
found in a Manner ſomewhat different and eaſter. 
One might have taken the 6th Equation from the 5th, 


and the Remainder would have been o = 2 — 2, where 


it immediately appears that y 4. Ws | 
Again, if the 1oth Step be taken from the 11th, the 


Remainder will be o = 4 — 2z, from which 2z appears 


to de , nd 2 22. "I 45 

With reſpett to the Extermination of four or more un- 
known Quantities, it is performed in a Manner altogether 
ſimilar ta that above; ſo that any Example of it here would 
be unneceſſary. It may, however, be proper to note, that 


as many unknown Quantities as are uſed in the Solution of 


any Queſtion, ſo many Equations ought there to ariſe from 
the RY ; . in been i will not be el 

I will now apply the above Rules to the Solution of 
fome Problems. And here, I conceive, it will be moſt 
uſeful and agreeable to the Learner, to ſee ſome of 


thoſe Problems that were given in the former Part of 


this Book ſolved by Means of two or more unknown 
Quantities. 3 


PROBLEM V. 


Selved by Means of Equations that have two unknown 
Quantities. See Page 138. 


Put for the Quarters of Wheat, and y for thoſe of 
Barley; Then, (Q.) x + y = 60 Quarters, And 
ſince the Wages for threſhing the W heat, per Quarter, 

| WAS 


. / 
| The Values of y and z being now obtained, 


2 
9 
\ 
2. 
* 
1 
Fe 
7 
2 
1 
Se 
9 
8 
7 
1 
= 
. fl 
* 
7 1 ; 
& 
We 
5 
= 
. 
>»? 
* 
0 
bp 
EF 
= 
v8 
+ 
[5 0 
ny 1 
„ 
e 
** 
; 
\ 
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was 12d. or a Shilling, the Money to be received for 
x Quarters will be = x Shillings ; and the Money to be 


received for UE Quarters of Barley, ar 6d. per Quarter, 
will be = 25 Shillings ; and the 8 of theſe muſt 


be 3 the Wages received; 3 1. e. * 75 = 48. This 


Equation X by 2 gives 2x 5 = 963 and if th the firſt 
be taken from it, we ſhall have x = 96 — 60 26, the 

Quarters of Wheat; ; and then, 5 60 - — 36 = 24, 
the Quarters of Barley. 8 | 


PROBLEM: VI. 


' Solved by Means of tivo unbnown en 15 
See Pa. 139. | 


| Put x for PE DG. 5 worked, and y for thoſe 
he was idle ; then, 
[x +7 =40, (Q) and 
2 | 20 x = Pence he earned 5 
3 | 8y = Pence forfeited. The Diem of theſe 
l is = the Pence received, which were 184; i. e. 
4 | 20x — 8 = 184. Now multiply the firſt Edua- 
I tion by 8, and we haye 
5 [8K + 8y = 320; and if this Equation be added 
to the Ia we ſhall have 
28 x = 504, and x =504 — 28 = 18, the Days he 
worked; and conſequently | 
y= hy — 28 = 22, the Days he was idle. 


og R 0 B L — M VII. 
; Sales by Means, Gee. See Page 140. 


6 


3 


Put æ for the Number of A's 0 and: y for 
B's; then, if B gives A 3, their Numbers 5 
5 2 + 3, and y - 3, which (Q.) are equal; z. e. 

* =y 3, from which we get y = & +6. 
But if A had given 3 to B, their Numbers would 
have been x — 3, and y + 3, which (Q) are as 
and 5. Therefore we have 


L 5: || 


x ak - i as 3 4 
5 Ws a . r 4 1 n ( nu Sad ung . 
1 bn 2 1 ” a Ir my 3 ES Ie ay (I GE SRD 05 ales ha ag i N 8 2 N 
% 2 h ** 2 . 4 8 - x 
—_— — — 


22 ² ]] <p" ve we; egos a — — — — 
bet : —_— — ——— nuts ry er 


51 


. 


gx — 15 
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=4 £38 and ſince y is = x + 6, we 


have, by ſubſtituting this Value for y in the ſecond 


Equation, 


5* — 15 =x F 9; from which, by Tranſpoſition, 


we get, _= 
. and x = 24 4 5 :6. And then 
NTT” 4 * 


PROBLEM Xxxv. 


Solved Ly, Sc. See Page 159. 


Put for the Sum placed. out at 


y for that at 6 per Cent. then, 
5 — 15 Pert eren of x, at 


x + 5 = 135. 


I per Cent. will be © 


95 per Cent. and 


= = ; xz and 15 Vears In- 


tereſt of y, at 6 per Cent. will be . = ; and 


their Sum, 


4 * 1 6 7 105 (Q) This Equation out of 


! is 


zoxr + 365 = 4200. 


If now the firſt Rquation 


nuleipNed by zo be ſubtracted from the third, 
there will remain, 


6 y = 4200 — 4050 = 150, and 
y=aco —6 = . Laſtly, | 


x = 135 — 25 = 110 


PROBLEM XX. 


Solved by . of Fike unknown Duantities, 


See Page I55. 


Let the Debts of A, B, and C, be denoted by 45 
y, and z, reſpeQively ; then, | #0 


x +y = 13z | 
x 1 223 f 
71 


Per Queſtion. 70 


Now, 
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I Now, if the firſt Equation be taken from the ſe- 

| cond, there will remain, e 
—y + z = 18; and if this be added to the third 

Equation, the Sum will be | 


[ 4 


522 2 55 =22,andz=23* =274 = Lf. 27-15, 
5 We " hl only to ſubtract z from the firſt 


Side of the ſecond and third Equations, and its 


Value, £. 27 - 15, from the ſecond Side, and we 


. chall have 85 | | 
6jx=L.3z1-10—L.27-15 e. 3-15 
7 Andy = L. 37 10 — L. 2715 . 9 -15 


PROBLEM XXX. 


Solved by Means of four unknown Duantities. 

See Page 163. : 
Let the Number of Pounds ſnatched by A, B, C, 
_ D, be denoted by à, v, x, and y, reſpectively; 
then | | | 22 

2 1b = 475 5 

C ha 2 _ * 1 | Per Queſtion. 


— 
. 


— 


> VI NN wn 


_— — 


Now, it is evident, that, if we can find the Va- 

lue of any one of theſe four unknown Quantities, 
the Values of all the reſt will be quickly known. 
. 1 It is alſo plain, from what has been done before, 
that we may retain which of theſe Letters we 
. | pleaſe. 


To exterminate all but #: From the ſecond 


FP ; 4 


| Equation we have 


þ 5|2=x + 8. And becauſe it appears by the ſe- 


| cond and third Equations, that à + 4 = 4x, 
we have . 


— 


ö of 

[==> +7: And ſince 4 + 4 ==, | 

| * 2 + 16. Now, write theſe Values in the 
| firſt Equation, and we have * | 

| L 6 | 18 


+> 


—— 
— — ͤ— —— — 
2 — — 


— 


S .! no ves meter wn nx Ay 
— — 


—— —— — 
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— , §˙— veer — _. og. 
— — — = 
= — 
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} 

N 
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8 | u + u+ 83+ Mb 3 4u +/16 = 475. Take 


| away 25 (= 8 + 1 + 16) from both Sides of the 
, Equation, and collect the like Terms together, 
| | and * will be | 
| 


9 | 6u + 8 = 450; which being reduced, gives 


to | u = 1800 = 25 . We have now the Values 
of the other Quantities, thus: 


Y = 73 +8 = vos 

22 

7 + I — 193 

And y S 288 +16 = 304. 
Iwill now add a few new Queſtions. and their So- 


lutions. 


QUE'S TION I. 


What Fraction is that, to the Numerator at which 
if 1 be added, it ſhall be = 5; but if 1 be added to the 
Denominator, it ſhall be = 76? 


Solution. : 


et = repreſent the Fraction ; then, 


I) 
9 Per Queſtion. 
25 | 


heſe 1 being cleared of F ractions give 
55 = 
o = = Subtra the third Equation from 
the fourth, and the Remainder will be 
x — 9 =1, or # = 10; and then, from-the third 


Equation we have ; 
by = gr ＋ 9. 18 and conſequentiy, the Frac- 


tion required is 35 QuEs. 


ce | QU ESTI ON 1I. 
ie The Sum of two Numbers is 7, and the Difference 
r, of their Squares is 21; what are thoſe Numbers? 


Ls Solution. 
| | Let x be the greater and y the leſs «of che? e Num- 


bers; then, 
11 a, Sam 18 Per Queſtion, 


2 | x . 


From the firſt Equation 

x 27 ); and if this Value be written for + in 
| the ſecond Equation, we ſhall have 

149 —144 f- M 213 i. e. 49 — I =21, 
| from which y is eaſily diſcovered to be 15 

5 28 14 2 2; and then 
6. | 


Another Solution. 


Divide the ſecond Equation by the firſt, and the new 
Equation will be x 457 = 3; and if to this the firſt 


PIO x . 
QUES T I O N II. 


Given the Sum of two Numbers = 7, nod the Sum 
of their Squares =253 what are thoſe Numbers ? 


= Solution. | 
= | | Put æ for the one Number, ey y ou the other; 
1 | then, 
x +y.= 76 Od 
IF M5 47. 5 Fer Queſtion. 


. From' rhe rl Equation, * 

„ therefore x*=49 — 149 +3% A 

| | if this Value be ſubſtituted for ** Lin ls ſecond 

| | Equation, we ſhall' have 4: : 
| 14 
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Equation be added, the "Sum will be 2x = 105 and con- 


— 


— 
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| 4 | 49 — 14y + 2y* = 25; and, by Tranſpoſition and 
[24 


r | | 
2 — 73 =— 12. Complete the Square, and 

| there will be : 10 1115 | : : 
6] *—7 + ZP =4, (for —12+4? =—4 +49 =5T,) 
Extras the Square Root on both Sides of the 
. | Equation, and we ſhall have | 5 
7 Y = = Vf. Laſtly, , and we have 
8 / ETZ S2; and then x if found to be 

11123. | 


Another Solution of the lafl Dueſtion. 


Since x + y = 7, ſquare both Sides of this Equation, 
and we ſhall have x* þ 2xy + y* =49. Take the 2d 
Equation from it, **  —+y* = 25, and the Re- 
mainder will be * + 2zxy 24. If now this 
tina Bon ang 8 x? y* = 25, there will then 
remain * — 2xy +y* = 1. The firſt Side 
of this Equation is evidently a perfect Square; and 
therefore, by extracting the Root on both Sides, we 
have x —y (ory - &) = /1 = i. We have now 
given both the Sum and Difference of two Quantities, 
to find them. Suppoſe x to be the greater, and add 
theſe Equations together | x +£y =7 

— r 21 


The Sum is 2x * = 
„„ 

| QUESTION- IV, . 5 
T here is a right-angled triangular Garden A, B, C, 
in whoſe Sides ſtand two Trees, D and E, at the 
Diſtances of 8 and 10 Yards, reſpectively, from the 
right Angle; moreover, ſtanding at the acute Angles, 
I obſerved the Trees appeared to ſtand in the Middle of 
the Sides. From this Data the Dimenſions of the 
Garden are required. 3 
* The Root might have been written Z y. This will be ex- 
plained in the next Section. | 
8 : Solution, 


3 


Sine to an n Eye at the oppo- 
ſite Angles the "Trees appeared 
to ſtand in the Middle. of the 
Sides, it is evident, that, if Lines 
were drawn from thoſe Angles _.. 
to the Trees, both the acute 
Angles would be biſected. This . 
premiſed, put a = BE, 8 
x = EC, and = DA; then, 
1 Euclid A E-BE - EC 
+ AB: AG. T hat i My" 


I 


2 
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Solution: ® | | 


„ | 
| a: X 6F + 6: 73 MN. 
Frage. Again, by Fs "DB 3 | 
the ſame ng nm 
FE 8 . | 
1 7855 x + a: - * x +a= CA. Conſe- 
quently we have pate} | : 
= * y + +3 = = SF. X x IF . ois reduced be- 
comes 
| J bxy + bbx = axy * aay; aa; by Tabellen, 
axy bx + aay = = bx, or or ax — * + aa X Md, 
and by Diviſion, - 
bbx. | 352 
y —= 2, which 1s = ——=——— 
ax Tx F as 2 
Now in order to obrain another Expreflion of 
the Value of y in Terms of x-and known Quan- 
_ : | tities, we muſt conſider another Property of the 
' | Figure. And ſince the Fer 
we have, by Euclid 47. 
AB*+ BC: AC. Therefore, 
3 ae IF ＋ 25 by the firſt 
752 Step. And Tn N 1 ; 85 4 
1) +3'+FFa 75 * x+@ 7, bythe ad Step. 
Divide the 7th Equation by y T*, and we ſhall 


have i 191 
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| G 

[ + —-- ns bs OW which, by T es {Ol 

ſition, we get | 

Ft 9 =Z=—x 22; and this di- 
vided by x + a, gives | 

B = SS: By a ſimilar Proceſs we 
+6 aa | „ 

Ne e . 7 | 
LE —I=5, Now multiply the 11th 
x+ a bb 

Equation by the lach. 2 and we ſhall have 

— — , and this 
y+bxXx+8a aabb 


out of Fractions, is 

| aabb = xx — aa X yy — bb, or, aabb = «x — aa 

X yy — bbxx + aabb, from which we obtain 
bxx 


3 But from the Value of 7 ob- 
tained in the 6th Step, we have, 75 
bbbbxx 7 


DT 2 — 20h + 3b x x3 + a—b x 2aax + dd 


which muſt be = — 1. Oo N been 


-XX — da 


Sides of this 5 by 21815 


44 — 2ab + bb x xx k a —b X 2aax + aaaa 
|= ———; and this when brought out of 
; XxX — Aa 


Fractions, and bbxx cancelled on both "_ be- 
comes 


— aabb = aa — . Xxx + a—b X 24a + aaaaz 
and this Equation divided by a, and tranſpoſed) i is 


26 —a X xx +b: b—a 2ax = aaa + abb. Now, 


divide by 25 — 4, to get xx without a Co-Effi- 
Client, and we have 
] 20 [ 


= we 


ms oo 


. o . * 


9 
|. 
. 
i 
F 17 
: 


C 


e 


20 


21 


22 


23 


24 


25 


r + 


* E — x 


= 45% — 4ab T aa 
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2ah — 204 aaa + abb 


7 5 7 ae | 
ples the Square, and multiply both Numerator 


MA | 
and Denominator of — — oc by 26 —a, and . 


next com- 


we ſhall have | | 
2ah — 2aa = — 4a 
25 — a 
24aab + 2abbb — aa — - aabb 
LY” 55 3 
aabb — 2aaab + aaaa 

2 ITS” which 1 is evident y 

M... LE Then, by extrating the. 


Square Root on both Sides, we get 


„ e eee e 


26 — a 26 — 4 26 — a 
| Tranſpoſition, | \ 
| AP 7 | 
& 2 — 25 — In Number Sg : 
100 - 80 ＋8 ee 2 2 + 8 Wes 
* = — —_ 
16 — 10 6 
= to 5 100 — 20" 1988. The Vale 


being Et. known, that of y will be had from 
the 6th Step, and will be found = 9 2076. 
And then we have 

AB = 15206, and BC = $9" 1988; and by 
writing the Values of x and y in the firſt Step, 
we have AC= 34'7573. 4 


| The Dimenſions of the Garden being now ; 


known, the Area is eaſily obtained, Weg" is 
2598244 Square Yards. . 


But this Queſtion may be anſwered bat Means of 


Geometry and Frigonometry, without any Aſſiſtanee 
from Al gebra. | 


Con- 


— — , 
— — K — — Ja - —— — — * — — 
* 


of BE and B D, it is evident that 


234 SUPPLEMENT. 


CONSTRUCTION. 


With two indefinite right Lines wake a right Angle 


at B. Take BD and B E = the reſpective Diſtances 
of the Trees from the right Angle. Join the Points 
D and E, and upon DE deſcribe a Semicircle, in which, 
from E, apply EF = BE — BD. Produce EF till 
EG is = EB. Laſtly, join the Points D and F, and 
parallel to D F, through G, draw a right Line, and it 
will cut the two inge right Lines that were firſt 
drawn in the Points A and C; and ABC will be the 


Triangle required. 
DEMONSTRATION. 


Join the Points C, D, and 
A, E, and from D let fall DH 
3 to AC. Then, 

ecauſe A C is parallel to D F, 
and the Angle DF E (being in 
a Semicircle) is a right one, the 
Line E G evidently ſtands at 
right Angles with A C, and pa” 
raliei to L Hi, WHICh ano was 
drawn at right Angles with AC. 
And becauſe E G was taken 
=EB., and EF = the Difference 


FG is = DH, and alſo = BD. 
Now, becauſe the two right an- 
gled 'Trian- l 
gles CD B 
and C D H 
have the 
ſame Line, 
D, for 
their Hypo- 
thenuſe, and 8 . 3 
tue Sides BB. A Be” ff | 
„„ 1 B 
to each other, it is evident that their other Sides and 
Angles are reſpectively = each other; and conſequently 


that the Line CD biſects the Angle ACB. By the 
ſame 


ſtruction is the ſame as before. 
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ſame Argument it is proved that the Line A E biſects 
the Angle CAB, 2. E. D. 


CALCULATION. 


As the Sides of the right-angled Triangle DBE are 
given 8 and 10 Yards, reſpectively, the Hypothenuſe 

E is =4/164 = 24/41 = 12˙80625; or it might be 
found by Trigonometrical Calculation, by which it 
appears, that the Angle EDB 519 20 242. Again, 
in the right-angled 'I'riangle DF E, there is given the 
Hypothenuſe DE = 12˙8062, and E F = 2; from 
which the Angle E D F is found = 8 595%. Add 
this Angle to the Angle EDB, and we have the An- 
gle FDB S 60 19'+; which, becauſe DF and AC 
are parallel, is = the Angle CAB ; and, becauſe the 
Triangles ABC and E GC are ſimilar, it is alſo = 


dhe Angle CE G. Then, as EG is S 10, we readily 


find E C = 20˙1988. BC being now known, as well 


as all the Angles of the Triangle AB C, we may eaſily 
calculate AB; or we may calculate A D, as all the 
Angles and the Side H D, of the Triangle AH D, are 

given; and thence the Are. | | 


Remark 1. This Problem admits of. an eaſy general 
Conſtruction, Jet the Angle at B be what it will, thus : 


| Deſcribe a Circle through the Points DB E, and in 


it apply EF = BE—BD. The reſt of the Con- 


2 
8 


Remark 2. B E ought always to be to BD in a leſs 
Ratio than 2 to 1. 1 e 
R818] 8 


— 
8 


SECT- Ik 


Some further Obſervations on Quadratics; in which it is 
| proved, that every ſueh Equation has two Roots. 


A Sf Learner. may have obſerved; from what has 


been done in the Appendix and Suppl 
; 1 2 pplement, that 
Quadratic Equations have diferentÞ orms; 1. e. that not 


only the ſecond Term is ſometimes poſitive and ſome- 
1 | times 
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times negative, but that the third Term alſo has ſome- Þ 
times an Affirmative, and ſometimes a negative Sign. | 
If the unknown Quantity be denoted by x, the Co- 
efficient of the ſecond Term by p, and the third "Term 
by g, all the different Forms of Quadratics will be 
exhibited by the following four Equations, in which | 1 
the Quantities p and 4 are always affirmative. it 


1, i + px = 7 

2. ** ava px = _—_ q 

3. X* m = --9 

4. K* + px == . A [XZ 
Tue firſt Side of each of the above Equations is 
evidently an imperfect Square; which, however, may | 


be rendered complete by the Addition of E, which 


muſt be put on the other Side alſo, to preſerve the 
Equality. The above Equations, then, when the || 
Square is completed, will become . 


1 + ps +> = 17 


2, x* . 
4. * „ aA * 


Now, if we extract the "IIa Root on both Sides 1 
of each of theſe Equations, we ſhall have is 


1 += J 


And 


ome- 


gon 


Co- I 
erm 
hich F 


1S is 
may | 


hich | 


the 


the | 


Jides q 
ons 5 82 7 + 2 28 = is a poſſible Quantity, but leſs 


And 


N 
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| Aw laſtly, by tranſpoſing the known 
& che firſt Side to the ſecond, we obtain a 
each of theſe Equations, thus : 


1. * 


2. * 


4. K 


affirmative. 


Quantity. 


it is evident that 


conſequently — 70 + * 


then x is = Z 


In the 2d Equation, the Val ue of x is is +: F 
| g which i is not only affirmative, but 1 0 than pi itſelf. : 


457 


antity from | 
alue of x in 


The laſt four Fquations furniſh. us with the fol- 
lowing Particulars: - 


In the firſt of theſe Equations the Value of x is 
For as þ and Late alifdimagve l 5 


In the third Equation, the Value of x is alſo politive 


Wan 7, becauſe E 722 7 + is evidently leſs than . 


Te may ſometimes happen, 45 q ſhall = =, in which 


; Caſe = EP = vaniſhes; or becomes = 0; and 


8 it may ſo happen, that ſhall be 


even 


j 


is ALS oor ol ar 2 e 
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even greater than z, in which Caſe the Square Root 


of — g + Eis an impoſſible Quantity, or ſuch as 


cannot be expreſſed but by means of the radical Sign, 
The ſimpleſt Way of denoting it is thus Vc, where 


— = _ 9. This Kind of Surds ſhall be treated 


4 
of in the next Section. In the fourth Equation, the 


Value of x is negative, becauſe / — 7 +22 is lef 
; + 


than 5 . 
2 


I come now to ſhow, that every Dradratic Equation | 


has two Roots. 
In order to this it may be proper to premiſe, _ the 
Square Root of any Quantity, as aa, is: not on 4 


but alſo — a; for each of theſe Roots multiplie 


itſelf prod uces aa. 


It therefore follows, that the Square Root of any . 
other Quantity, as 7 + vr is as truly expreſſed by 1 


E. as by Ji +22; and that, in each 


of the four Forms of Quadratics, x has another Value, 


which 1s expreſſed thus: 


1 Dh 1 7 += . 
* 2 J 

. 1 
4. 3 2 A 


75 4 
= 4 
* 
* 4 
q i 
e 
& 
* 
* 


Now 


Now | 
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Now it is obvious that the Valve of in the firſt of 
theſe four Equations is negative. So alfo is the Value 


of x in the ſecond, for as much as 4 + IE 5 is greater 


than ZE But in the third Equation the Value of x is 


poſitive, becauſe 2 — 7 4 2 is leſs than 2 is the 


fourth Equation the Value of & is ene negative. 
The Sum then of the above Obſervations Is this: 


That every Quadratic Equation of the fir fit and ſecond Form 


has one poſitive, and one negative Root; cher every 


Quadratic of the third Form has two poſitive Roots, except 


2 


when 9 is greater than E, in which Caſe its Roots are 


impoſſible; and that every Quadretic of the fourth Form 
has two negative Roots, except when q is greater than 


2 25 in which Caſe they alſo are impoſſþ ble. 
[ will give an Example of each of the four F orms 5 of 


Quadratics, in the Order they ſtanc. — 


1. * 4% =.28 

2. / „ 
3. x2 — 6x = — 8 
15 * + 12x = — 32 


By compleating the Square, &c. we ſhall obtain tle 


Values of x in each of theſe e in the Order 


they ſtand, thus: 


2 Ih " 
ION = or 4. E 
* — 7 
5 * Bi * 8 . 
2. Or 1. 37 
+ 1 — 4/49 — 6 
3. 
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Z 3b 5 ö 5 4 
3. * * „ 


4 oo Or 1. E. 


And that either of the two Values of x will be ad- 
mitted into the original Equation is evident; for In- 
ſtance, + 3 being written for x in the firſt Equation, it 
becomes 9 + 12, which is = 21. Again, — 7 being 


written in it for x, we have 49 — 28, which is alſo 
'= 21, And ſo of the reſt, which the Learner may try 
at his Leiſure.- | 


We may add this general Remark, with reſpe& to 
the Roots of Quadratic Equations, that the negative 
Values of x in Forms 1, 2, and 4, cannot anſwer the 


Conditions of a Queſtion that requires a pofitive Num- 


ber or Quantity ; and that it frequently happens, that 
each of the affirmative Values of x in the third Form 
will anſwer all the Conditions of the Queſtion, on 


which Account it is called the ambiguous Quadratic, 
and the Values of x are commonly expreſſed thus: 


«=2+/ —4+2. TD | 


There is indeed another Way of demonitrating, that 
every Quadratic has two Roots; but as that given 
above ſeemed beſt adapted to this Work, I have for 
that Reaſon made Choice of it. EOS on 

Mr. Ward, in his Yeung Mathematician's Guide, 


Part II. Chap. 8, gives a Method of reducing adfected 


uadratics to fimple Quadratics, by a Subſtitution that 
deſtroys the ſecond Term ; but he juſtly obſerves, that 
the eaſieſt Solution of Quadratics is N completing the 
Square. They who would ſee this Method may con- 


ſult the Book before mentioned, or Mr. Maclaurin's 
Algebra. | | „ 


I ſhall 


oY WY Re RY So Wl 


I ſhall only add, under this Head, that 
* ＋ Pp = 5 
and x* + px* = , are called Quadratics; 
For, by completing the Square, &c. we get 
Ly 1 14 = — * 7 + 2 ; 


Py 
v. 


5 „„ „„ 
and y3 = —£ 1 7 + = and then, by 


— 


Root of the other, we obtain 
-A + 22 in the for- 
3 * , "PO 3 f 


mer Equation, 


. a. ee 


3 


T. 
e Surd Quantities. 
RHE Doctrine of Surds is of conſiderable Uſe in 


Volume of itfelf. I hope, however, in the few Pages 
allotted me, to give the Learner ſuch a Notion of Surd 
Quantities as may enable him to ſhorten many Calcu- 
lations in which they occur, and induce him to conſult 


Mr. Maclaurin's and Dr. Saunderſon's Algebra. 
Dr. Saunderſon's Definitions of Surd Quantities are 
as follows: | Fr ih ys 
„A rational Number is that, whoſe Ratio or Propor- 
tion to Unity can be expreſſed in finite Numbers; and 
* fo comprehends all whole Numbers, mixt Numbers, and 
proper Fractions : thus, 24 is a rational Number, be- 
* cauſe-2} is to one as 11 to 4. Therefore an irrational 
all Number is that whoſe Ratio to Unity cannot be expreſſed 
in finite Numbers: Thus if the Diameter of a Circle 
** be repreſented by ny or 1, the Circumference 


« muſt 
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extracting the Square Root of the one, and the Cube 


PP in the latter. 


Algebra, and, if fully treated of, would make a 


fuller Treatiſes on the Subject, which he may find in 


5 : 
rene REI > ens 


: 
S e 


——— rr 
1 8 — — — — c s 
7 


And v8, in Decimals, is alſo = 2·82842 nearly. 


by dividing 1 by the Number which expreſſes the Value 
I 
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<< muſt be repreſented by an irrational Number; be- 
* cauſe the Ratio of the Circumference to the Dia- 
meter cannot be expreſſed by finite Numbers: Thus, 
Va 1s an irrational Number, becauſe no Numbers 
© are ſubtil enough to expreſs its Ratio to Unity. 
Noto this laſt irrational Number, to wit Va, and all 
others involving the Roots of Numbers that are not to be 
extracted, are particularly called Surds.” 
Now, although 4/2 cannot be exactly expreſſed in 
Num'>ers, yet it may be expreſſed near enough for any 
Buſineſs whatever, and fo near the Truth as not to err 
a Hair's Breadth in ſo great a Diſtance as that of the 
Earth from the fixed Stars. 
And from the Square Root of 2, expreſſed by a ſuffi- 
cient Number of Decimals, we may find the Square 
Roots of many other Numbers by Multiplication only; 
as 8, 18, 32, 50, &. And generally, from Vh we may 
find dab, ſo long as a is a rational Quantity, by Mul- 
tiplication only, as it will be = A Vb. And that this 


is the true Root of \/aab, is evident by Involution. 
For a vb multiplied by itſelf produces aaxb. 
Now, ſince 8 is =4 x2, s will be =2 /2. This 
may be illuſtrated by Decimals, thus: Va is known to 
be = 1*41421 nearly; therefore 2 /2 = 2:82842 nearly. 


Again, 18 is =9 Xx 2; and therefore 18 = 3 V. 
Inlike Manner, /32 is found = 4/2; and V5 = Vz. 
Alſo from v/3 we get the Square Roots of 12, 27, 48, 

75 &c. by Multiplication only, which Roots are 2 ;, 

33, 4VH 5 , &c. Z | | | 
With reſpect to the Reciprocal of any of theſe Surds, 

it is evident to an Arithmetician, that it may be found 


| 5 
of that Surd: Thus, —; is = Rr 
But this Decimal may be obtained much eaſier, as 
follows : Multiply both the Numerator and Denomi- ; 
nator of — by Vz, and it becomes — = — 


= 070710, 


2 
25 . 


Wl 
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In like Manner, the Square Root of 3, which is 


; I * 4 17320 
= —,isalſo= 1 85 2 22 LI =0*577355 


where the Diviſion of 173205 by 3 is undoubtedly an 


eaſier Operation than the Diviſion of 1 by 173205. 


There are yet other Advantages of Calculation to 
be derived from the Knowledge of Surds. 

The Square Root of + is = = or, in Decimals, 
Vos, &c. But the Value of this Surd may 
be had from / by an eaſy Diviſion, thus: Multiply 
both Numerator and Denominator of + by z, and we 
have 3 =$; then extract the Square Roots, and we 


| 6 
have ; ==. 


| Again the Square Root of Zis = 5 but by mul- 


tiplying both Numerator and d by 20, we 


. 5 : | 
have = = _ and N 5 ; where, when the 


Square Root of 60 is extracted to a ſufficient Number 
of Places of Decimals, we have only to remove the 
Point one Place towards the Left Hand. 

It will ſometimes be of Uſe to know quickly, and 


255 
10 


without the Trouble of extracting the Roots, which 


. 3 
of two Surds is the greater, as /2, and ;. This may 
be done by raiſing the Roots to equal Powers that ate 
free from Surds, and comparing thoſe Powers with 
each other. And the leaſt equal Powers that are clear 
of Surds may be found by this gets | 


GENERAL RULE, 


Divide the Product of the Indices of the two Roots by 
their greateſt common Meaſure ; and the Quotient ſhall be 
the Index of the Power to which both Roots are to be in- 
volved for the Compariſon before mentioned. © 


Let us now apply this Rule to find whether v2, or 


2 5 , 
Va be the greater. Here the Product of the Indices is 
2 * 3 6; and their greateſt common Meaſure is 1: 
| | M 2 oy conſe. 
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conſequently 6 1 is = 6, the Power to which both 
theſe Surd Roots are to be raiſed for the Compariſon. 


But this Matter may be illuſtrated, and ſome uſeful 
Concluſions obtained, as follows: Put x = v/2, and 
A 3 ; ; | : 8 1 — 
Vz; then will ** Du, and 37 = 45 and- e* 27 21 
=8, andy* =3| . Now, ſince x* is = 8, and y* 
=09, it is evident that y is the greater Quantity, And 
if we extract equal Roots we ſhall obtain this Conclu- 


ſion, v2 (xX) = v8; and v3 (=) = v9. 

Io find whether ;, or v5 be the greater, we have 
2 X4 =8, the Product of the Indices, and 8 — 2 (their 

greateſt common Meaſure) = 4, the Index of the Power 


to which theſe Surds are to be raiſed for Compariſon ; 
from which it will appear, that the former of them 


is much greater than the latter, being == v9. | 


2 
If it were required to expreſs the Ratio of /; to 756 
by Means of two other Surds of equal Indices, it might 
be done thus: Having, by proceeding as above, found 


3 12 4 12 ; 
that /; = /81, and /6 = Vis; reſolve each of the 
Numbers 81 and 216 into two Factors by Means of 
their greateſt common Meaſare 27, and we ſhall have 
81 3 * 27, and 216 =8 „ 27; and then, by extract- 


IA 
ing equal Roots, 781 = 1 * V7, and Vale 5 — V8 
1 2 . 1 
* Vn, and the Proportion will be, as 3: 6 


(25804216). a3 48 + | 
The laſt Advantage that I ſhall mention, in calcu- 
Jating the Value of Surds, is, that the Square Roots of 
ſome compound Surds may be expreſſed by ſimple ones. 
For Example, /3 + Vs is = 1 + V2; where, 
inftead of two Extractions of the Square Root, firſt of 
8, which comes out = 282842, and then of 5 82842, 
which is 241421, we need only extract the Square | 
Root of 2 and add 1 to it, and we ſhall have 1 + 1'41421 
— 241421. | | 1 | 


The 
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The Inveſtigation of the above Root is as follows: 
iI Put V +vy=v3 + +8; then by ſquaring 


-Þ : | both Sides of the Equation, 7 
1 2la+2M/xMy+y3=3+48; and by putting 
\'Þ * | the Surd on one Side = the Surd on the'other, 
 4|x+y3=3. Square zd and 4th Equations, and 


+ we have 
5 4 = 8, and | 5 
| 6][x*+214+y*=9. Take the 5th from the 6th 
I and we ſhall have g 3 F 8 
I= 2K N = 1, which is a perfe uare. 
4 | Extract the Root, and there will*be — 
8X -N = V. Add this to the 4th Equation, 
| [and the Sum is | 2 
9] 2x =4; from which x = 2, and | 
[1io| x=12, which is one Part of the Root. And 
f if the 8th Equation be taken from the 4th, the 
| {| Remainder will be Cp -42 Yor Boers; 
Tir] 2y=2; from which y is found =1,.and 
i2| Y =v/1 = 1, which is the other Part of the 
Thoſe who would ſee. more of this, I refer to the 

Books above' mentioned ; and ſhall only add, that we 
ſometimes meet with Surds of this Form, V-, which 
is called an i 1 Root, becauſe no Quantity what- 
ever multiplied by itſelf will produce — c. For In- 
ſtance, let -c = — 4;" then there is no Number what- 
ever, Which, being multiplied by itſelf, will produce 
— 4. For ＋ 2 * + 2 produces 4; and — 2 X — 2 
produces ＋ 4. C Poe FE 


* 
— 


N — 
72 w 


: Some further Obſervations on the E traction of Roots. i 

5 L HE Extractions of the Roots of Numbers are 
1 Operations frequently requiſite in the Practice 
of the Mathematics, and, on that Account, have en- 


gaged the Attention of the moſt eminent Mathema- 
4 3 : ticians. 


4 
4 
| 
| 
1 

«© 
| 
. 

1 
. 
; 
5 


bo 4 i 
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ticians. And to their Ingenuity we' are indebted for 
'Fheorems, by which we may quickly approximate to 
the Value of any Root whatever of any Number ; or, 


in other Words, they have invented Rules by which 


any Root whatever of any Number may be expreſſed 
to any Degree of Exactneſs, either in Vulgar Fractions 
or Decimals, 3 Ih : | 

Of thefe Theorems I will here give thoſe, which 
conſidering their Facility and Accuracy, are the moſt 
generally uſeful, They are of two Kinds, one that 
requires no higher Operation in Arithmetic than Di- 
vition, and is therefore called rational; the other re- 
quires the Extraction of the Square Root, and is 
therefore called irrational. . „ 

I will firſt explain the rational Theorems, beginning 
with the Square Root, and ending with the Surſolid. 
Let N be the Number whole Square Root is to be 
extracted, aa the next leſs Square, and put 6 for the 
Difference of this Square and NV, i. e. let aa +b = N; 
let alſo a Te = VN; then by ſquaring both Sides of 


this Equation we get 


aa on both Sides, we have 

2 J 2e ＋ ee = b, or e X 2a + e = b; in which 
| Equation, becauſe e is ſmall in Compariſon of 
'| 24, it may be neglected without making any 
conſiderable Difference in the Equation, and 


| 1] aa + 2ae + e? = N = aa + 6b; and by cancelling 


4 there will be e X 24 = 6 nearly, and 


31 * = nearly; which Value of e is evidently 


2a e 


fomewhat too great, the true Value being 


1 Now, ſince 2 is a near Value of e, if that be 


written for e in the Diviſor 2a + e, we ſhall 

I have | 
Ip 1 1 

6 = (by multiplying both 


N t ene by 2a) = 
| Numerator enominator by 2a) = 


| | Vhich is a much nearer Value of e than the former. | 


- \ But 
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But ſince 25 is ſomewhat greater than e, it is 


evident that the Diviſor 2a + 25 is ſomewhat 


grouter than 2a -+ e, and conſequently, that the 
aſt found Value of e is ſomewhat too little. 
| 2ah | 


4aa + b 


we have 4 Nga — 
7. Fb 


5 Laſtly, by writing 


nearly, 


þ which is the Theorem. 


And although the Value of the Root given by the 
Right Hand Side of the laſt Equation, is always ſome- 
what too little, yet, by Means of this Theorem, the 
Value of it, true to any aſſigned Number of Figures, 
may be quickly diſcovered. 3 22 5 

Note, It will ſometimes happen, that the Square 
Number neareſt in Value to M, ſhall be greater than 
N. In which Caſe, if we put aa - I N, and a - e 


= M N and proceed as above, we ſhall get e = 2 ee 
where, at firſt rejecting e, in the Diviſor, on Account 


of its Smallneſs, we have e = — nearly, which Value 
is evidently too ſmall ; and by ſubſtituting this Value 


of e for it in the Diviſor, we obtain e = 3 
b ; — had" 9 HE „% 
which is a much nearer Value of 


24 — _ 444 — 55 
e, but ſtill ſomewhat too little; becauſe = being leſs 
than e, the Diviſor 2a — - is greater than 24 — e. But if 


the laſt found Value of e be written for it in the above 
ab 
1 44a - 
nearly; which Value, however, of VN, will always 
be ſomething too great. 7 
M 4 | We 


Aſſumption, we ſhall have 4 —e=v N=a= 


—_ Wo”, — tr. 
. 


from the firſt only in the Sign of 3, 
by Examples. 


Truth that it ſhall not err the ioooth Part of an Unit. 


Value of 4/2, put ; for a new a; then, aa = ; and 
1 


M, in the preſent Caſe, will be 4 2 22; from 


which we have Y nearly =2 — 


: — — = 
— png * - 
OS > 


- which Number reduced to Decimals is 1*4142139, and, 


than 14142139, it is evident that the firſt ſeven Figures 


We may here obſerve, that this Theorem differs 


\ 


— 
— . * 
** — 


The Uſe of theſe Theorems will be beſt explained 
JJ A ˙— 
Let it be required to expreſs the Square Root of 2, 


both in Vulgar Fractions and Decimals, ſo near the 


Here the neareſt leſs Square Number is 1; and there- 
fore aa + b = N, in this Caſe, becomes 1 +1 2, 


and /2 is nearly =1 +- — = 17 = 4+ = 174, 


which is ſomewhat too ſmall. Now, to get a nearer 


by putting 2 for a new 5, we ſhall have #3 + 5+ = 2, 


l „ i + cots 

| VVV ß n 
= 333 = 1 25 nearly, which, however, is {till ſome- 
what too ſmall. This Value of 4/2, in Decimals, is 


t will now be proper to aſcertain how near theſe 
Expreſſions, 1 42+, and 14142132 are to the true Value 
of V2. This may be done ſeveral Ways, but by none 
more ſatisfactorily than by the other Theorem, thus: 
Take the next greater Square, which is 4, for the Square | 
of a; then ſhall we have a=2, and b=2; and aa - 


. 


| HE LIH2... i» 1 
22 = 1*428, which is ſomewhat too great: But if 


to it will appear to be g, as we ſhall have £23 — 23 


=2; and then V will be very nearly = -3 — 23 Xx 
- £20 2 — TO, 40. 5 6 9. — O — = 
EEE === = =949=192-= 1 437; 


as was proved in the Inveſtigation of the "Theorem, 
ſomewhat too great: co THE O11 EET 
Now, ſince 4/2 is greater than 14142132, and leſs 


of each of theſe Decimal Yalues of it are right, 0 
e that 
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chat the V2 is expreſſed; by them, as well as by the 
Fractions from which they were derived, to leſs than 
| the millionth Part of an Unit. 121 Go 4 
Here one cannot but „ 78 how, cxpediGoully Gr 
exactly the Values of Roots may be computed by Means 
of theſe Theorems, even in the molt diſadvantageous 
Caſes. The Square Root of 2 was diſcovered above, 
by. each of Wars Theorems, by two Operations only, 
true to ſeven Places of Fi, igures ; ; and were either 2323, 
or £272, to be put for a, and the Operation renewed, the 
Reſult would be true to about twent ty Places of Fi igures, 
But it may be further obſerved, that the above Ex- 
preſſions of * 2: are much inbre « exact than Was at firſt 
1 and that Calculations made to the 1oooth 
art of an Unit are exact enough for many Purpoſes. 
In anſwer to this, no more Figures of the Decimal 
need be uſed than Occaſion requires: Or, if a Vulgar 
Fraction be deſired, of fewer Figures than either of thoſe 
above, but yet ſuch as ſhall not err the 100oth Part of 
an Unit, it may be quickly found as follows: It appears 
from the! "Inveſtigation in Page 246, that}? when 2 is 


ſmall in Compariſon of a, i it will be = = == nearly, "hd 


by <4 F 7 } 1. 


conſequently a N, = = a+ e, will 3 =a + > l nearly 


Now, i it being giſcoveted that y/2 is ſötge wat greater 
than 5 hut this f raQtion' = 4, and we; hall have 


a + S184 + = 24 = 4 +.76,= Þ,gwhich is a 


near Value of . „ 400. if expreſſed decimally, will 
be =. 33. which differs by leſs than Ioooth Part of 
1 from the true Value of 4/2. The ſame Value of it 
may be found by putting a = . and E the We 
Theorem. „ i I "< N 


19 01 2812 16 354 51947 wn A mage, ig 
Let it he required to find the Square Root of 8. 
Here the neareſt Square i is 9 ſo, that, by Theorem 

6 
II, «20» and b = 1, and WIR Jy 77 
M 5 „„ 
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; / : 
= 2*8486 nearly, which is true to leſs than ioooth of 
an Unit. And if 22 (= 2 32) were put for a new a, 
and the Operation repeated, the Reſult would be true 
to twelve Places of Decimals. £ 


EXAMPLE z. 


Let it be required to extract the Square Root of 101. 
Here the neareſt Square is 100; and we have a=10, 
5 = 1, and 4/101 = 10 + 33 = 104049875, all which 
Figures are true; and conſequently, the Square Root 
of 101 is expreſſed by them true to Jeſs than the 
millionth Part of an Unit.—And here it may be noted, 


that if we had taken only a + = for the Root, we 


ſhould have had 10 20 = 10'0;, which differs from the 
Truth but little more than ioooOth Part of i, and leſs 
than the 8coooth Part of the Whole. 
I ſhall at preſent diſmiſs this Article with a Remark 

that a nearer Value of N may be obtained by the firſt 
Operation, when Occaſion requires it, from this 


Theorem, /N = a + 2 X 10 555 in which, if 


a was taken = the Root of the next greater Square, 5 
will be Negative, and muſt have the Sign — prefixed to 
it. To give an Example; V, if we take a , will 
be given by this Theorem, at the firſt Operation, 


=as += X 1 1 + 5 = in Decimals 
= 1*4166 nearly, which differs from the Truth by leſs 


than the 4ooth Part of an Unit. And if we take 
a = 2, then 5 will be = — 2, and the Theorem gives 


0 2 16— 22 J i ee 
VW „„ 
3 


===» As before. And were the Operation to be re- | 


peated, taking a = 47, the Reſult would be true to 
twelve Places of Decimals | 


of 


e X 34 ＋ 3ae = b nearly, and — 


it in the Term 3ae, the Diviſor will become 344 + >— 


SUPPLEMENT. 257 


Of the Cukk Roor. 1 

Let N be the Number whoſe Cube Root is to be 
extracted, a* the neareſt leſs Cube, and 6b the Difference, 

| 4 - 

i. e. let a + b =N; and put a+e =  N: Then, 
by Involution, 45 + 3a*e + 3ae? Tei = N =4a3 , 
and 3a* e + 3ae® + e; and rejecting e on account 
of its Smallneſs, we have 34% ＋ 3ae* = b nearly, or 


_ nearly; 
| 32 + 3ae 
where it is eaſy to ſee, that, when e is ſmall in Compa- 
riſon of a, 3ae will be ſmall in Compariſon of 3aa; and 
therefore if zae be neglected in the Diviſor, we ſhall have 


6 155 nearly. Now, if this Value of e be written for 


3ab 
34a 


= 344 + =; and uſing this inſtead of the former, we 


get o'= 8 and then, by Subſtitution, we 


3 | ab | 
havea+e = N a ＋ 3 nearly. | 
But as it will be moſt commodious to uſe the neareſt 


Cube Number, and that may ſometimes = prengey than 
M we muſt, in that Caſe, put a —b = N, and a—e 

= MN; and then, by proceeding as above, we ſhall 
get — 3a%e + zac —&e& = — 5; and rejecting es on 
Account of its Smallneſs, and changing the Signs, 
(which is equivalent to tranſpoſing the Terms) we 
have 3a%*e — 3ae* b; and firſt taking e = = nearly, 
and then writing this Value for it in the ſecond Term 


of the Diviſor, we ſhall have e = 72 J nearly, and 


conſequently 4 — p = N = 2 = 


—— 


* 2 — — — _ B . 
— Re EN Et ——— — - 
ap" < — 8 > - D _ — 1 . 
ne de EE... * T — 1 p 
4 - — — 5 
. 8 * 9 _ _ = a 
7 4 N * * 8 S p : — — 0 

» 4 "Ip ” — m 


it may be found more expeditiouſſy at once, by the 
following Theorems. 


let a+ ＋ 35 M, and a e N. Then, by Invo- 
lution, a+ + 44% + Ge ＋ 4e + ef, N, =a* +6; 
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ExAMPLE. . 


Let it be required to extract the Cube Root of 2. 
Here the pearet Cube is 1 ;, therefore we have 4 t, 


3 — 15 and 5 = I + = — 4 — 1 25. But 


to get a nearer Value of this Root, put 4 (= 8 a; 


then will 5 = = 2—225 = 3, and V2= 5X3- 
— 4 WEE: 
; 5 - x | > : - : 1 0 
8 _ ==: _< 
4 X 125 125 +1 = 2 7 5 504 | Y 259921 


nearly. And were the G to Fe taking 
2 = 832, the Reſult would be true to AF) more 
Places of Fi igures. 


EXAMPLE 2. | 
To find the Cube Root of ggg. 


The neareſt Cube is 1000, and 1000 —ig80 = ='29; 


12 — 


therefore by the ſecond T heorem, | 98 — 10 


200 5 129 — 
none — 10 — 2 2 94 = 9'93288, -all CP 
Figures are true, And by 1 a = 448 (9113 

and repeating the Operation, the Root may be com- 


puted to eighteen Places of Figures. Fig 1:25 tufl 
. 5 


c Of the BIQUADRATE Roor., 1 
The Biquadrate or fourth Root of any Number may 
Ts found by two Extractions of the Square Root; but 


Put N for the Number, a for the neareſt leſs Root, 


and rejeCting the Terms 4ae* and e, as 5 being of ſmall 

Value in Compariſon of the reſt, we have 44% G =b 

nearly ; ; and then, by a Proceſs f ſimilar to that for the 
2 


Cube Root, we get e = TFT 7 nearly, and VN 


2ab 
=a+ gar T 35 nearly. 


But 


nearly; ; and then e= 
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But when @ is taken = the neareſt greater Root, 3 
will be negative, 3 and Foe ee es hovers: ** 


= .. 


e 


What! is the Biquadrate Root of 17? 
The neareſt Root (in whole Numbers) i is 2, and, by 


the firſt Theorem, we have * 17 2 + 1 4r nearly, 


= 203053, which may be exact enough for common 


Uſe; but if greater Accuracy be deſired, it may be ob- 
tained TOY Ong a = 7575, and renewing 'the e 


Of the SURSOLID Roor. 


By a Notation and Proceſs A to thoſe which 
have been all along uſed in this Section, we ſhall have 


N N and + gate + lobe K- 


Br ip nearly, a and. N= 44. 


| — er 3. "whets the upper of the double Signs 


is to be uſed when a is taken leſs than the true Root, 
and the 51 5 When it is taken greater. 


| a 
> 4 | 1, \ 


ExanpLe. 


What! is the ↄth Root of 999 q9 ? 
The neareſt Root (in whole Numbers) is 10, . 


is ſomewhat too great; therefore we have 199990 =:10: 
100 | IO 


— — : 2490 — 
NR | Fs; " 49998 | m0 bas. 34 = PE To 997 9999 
nearly 7. 4 158 


Of the IRRATIONAL THEOREMS. /. 


The irrational Theorems were treated of, by the Au- 
thor, in the Appendix. However, they may be inveſti- 
gated | in a Manner ſomewhat different, and given in a 

orm 
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Form better adapted to Practice, as will preſently ap- 


Pear. 
5 If we look back to the Inveſtigation of the rational 
Theorems for the Cube Root, we {hall find, in Ln 251, 


ing by 
za, we have this Quadratic, ec + ae = = nearly; from 


this Equation, 3aae + 3aee = b nearly; ; and divi 


which, comp. 0, &c. we get e + < — Tz A, + i; 3 
ww by adding = to both Sides, we have a+e(= VN) 


=—- 5+/Z+ a 1 2 = nearly, "which is | the Theorem 


be a is taken leſs than the true Root. 
But when à is taken greater than the true Root, 


we have this Equation, — 3aae + 3aee = nearly; 
from which, by Der. 2, &c. we obtain 42— N 


4 —b 
— ==+ * . — nearly, which is the Theorem i in 


this Caſe. 
And in like Manner, by extracting the Roots of the | 
a 


uadratic Equations in Pages 252 and 253, we obtain | 
the following Theorems for the Biquadratic and Surs | 
: ſolid Roots. And ſo on for other Roots. 


. a is taken leſs than the true Root. 


3a + Ws” = nearly. 
6a * 


9 


© + — nearly. 


When a is taken greater than the true Root. 


ot. 


The 


| = 9˙932883. 
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That theſe Theorems are the ſame in Effect as Mr. 


Fenning's, is evident enough from their Inveſtigation. 


But it may be proved in a different Manner, of which 


I will give an Example in comparing his irrational 
Theorem for the Cube Root with ours. | 
Mr. Fenning's & is = our N, and his x is = our a; 


„ N aa : 
therefore, his En 12 Now if the | 
laſt Expreſſion be reduced to a common Denominator, 
FI T Fae . 
it will be , which, becauſe N @* 3 b, is 


4a? . b $80 +4b ga, 4 ae, 6 
=>. 24. i HET LOTS 
which is the Expreſſion in our Theorem. | 

And in this Manner may the Agreement of the reſt 


of his Theorems with ours be ſhown. : 
Note, It appears by the Compariſon juſt now made, 


| 3 „ 
that / N is alſo = 2 4 + * 2 25 
| 5 1 

which is the ſame Theorem in another Form. How- 
ever it may be of Uſe on ſome Occafions. Es 

But there is yet another Theorem for the Cube Root, 
eaſy in Practice, and more exact than any of thoſe 
ahovs which I will take this Opportunity to 


nearly, 


* | 3 gaaa + 26 e n 
vN=a + jag * add Þ 03 very nearly; where, 


| if a was taken greater than the true Root, the Sign of 


b muſt be changed, | 
| | EXAMPLE. 
What is the Cube Root of 980? 


| By our ſecond irrational Theorem, taking a=10, we 


have 980 = 5 + FI = 5. + 243 


By the new Theorem, taking a = 10, we have 9955 
2 2 


300 9000 — 100 1 
= 9˙93 2883899. They 
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They who would ſee more on this Subject, are re- 
frei to Dr. Halley's Paper, which is printed at the 
End of Sir Jſaac Newton's Univerſal Arithmetic; Mac- 
laurin's Algebra ;'or Simpſon's Diſſertations. The Sub- 
ject is alſo very elegantly treated of by Dr. xa, in 
his Mathematical Tracs, lately publiſhed. 


Of the EXTRACTION of Roors by LOGARITHMS. 


Of all the Methods of extracting the Square Cube, 
Biquadrate, &. Roots of Numbers, that b Logarithms 
1s * eaſieſt; , And this 1 is the 8 DEE 


po ”., Aw $: 


RLE. 


Divide the Lovavithi of the Number boſe Root i is to 
ze extrafted by the Index of the Root, and — W i 
uu be the e Logarithm of the Root. 


N 


What is the Square Root . 175 

The Logarithm of 2 is = o- 3010300; 3 

The Half of it is =0'1505150; and the Num- 
ber anſwering to it is 1 1414214, which is the Square 
Root of 2. | | 
EXAMPLE 2. * : 
What is the Square Root of 101 ? 
The Logarithm of 101 is = 2 90135 te Þ ; 

the Half of it is = 10021007 z; 1 the 
Number 8 to it is 10 04988, the Root required. 


"EXAMPLE - 


What is the as: Root of 25 | 
The Number reduced to an 1 F raction i is 23 
and then the Operation by Logarithms will OY thus: 


The Log. of 13 is = 11139434 . 
The Log. of 6 is r aw dt 


EY 
N =—” 
* 


Their Diff. is Log of 3 — e 3357921 | 
⁊ the laſt Log: is = 0*1678960 z 5 the Num- | 


ber correſponding to it is 1 47196, which i is = Gabe - E 
ern 
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re. VVV 
the „ LE 4 
0 "ey 4 p a 8 i 
* What is the 1 Root of ? 
The Log. of 1 is = Oo oο _. 
in | f 1.1 | 
| | | The Log. of 2 IS = ©0'301030O. . b 


Therefore, Log. of 1 is — — o- 30 10300 e 
And the Half of it is = — 0'1505150; and the 


50 
he Number correſponding to this Negative Logarithm is 
ams -, Which is = V; where the Diviſion of 1 
by 1414214 is yet to be performed, (or ſome other 
| Method taken) to obtain the Value of this Root. For 
Li obviating this Inconvenience there are ſeveral Methods. 
is to That derived from the following Conſiderations is the _ 
tient ſame, in effect, as the learned Dr. Saunder ſon's. | 
3 RF. | . a 1oowa _ 
2 It is evident th Sis = ——<E=——= 
. whe? 10 iO Os 
1000 % &c ö | | Fr 
£ . 3 
2 | , lowa Mia 1  y1roog@ # 
. And 109 10% 10 * * 
9 100/a __4y 10000a 21 22 
WE 8 100 © 100 ¶[ © 100 >: | 
x - 10 __ VV lo00000@_ 1 22 
N 1000 10004/b 1000 b 
Fo | x, 75 na 1 znna i e 
uired. Hand univerſally, „= where is to be 
taken = 10, 100, 1000, 10000, & c. as the Caſe may re- 
: : 7 8 nna © IN . nina 
4 quire. Now, if we put T = c, then will V 5- 
us: te i ten. he; ww. c 
dry ec, and we ſhall have VT ==V 75] = —— 5 
ind ſince 7 is to. be. ſo taken that c ſhall' always be 
8 Freater than 1, its Logarithm will be always affirmative; 
ot nd conſequently, if we take the Number anſwering 
Num- that Logarithm, and divide it by u, (which will be 
23 o more than removing the decimal Point 1, 2, 3, or 


more 


258 SUPPLEMENT, 
more 80 towards the left Hand, according as u was 
taken = 10, 100, 1000, or more) we ſhall obtain the 


Square Root of > 7. 


Now to apply this to the laſt Example, we have a gt, 
and b = 2; and by taking 1 = 10, we ſhall have 


100 >, and VE =YS52 = 727197 So · v0) 107. 


2 X 10 10 


The 8 * Le bene will ſtand thus: 
The Logarithm of 100 is = 2* 
The Logarithm of 2 5 =0 o- zoo 


Their Diff is the Log. of c (= 222 =3 6989700 

the laſt Logarithm i is = o': 8494850; and 
the Number belonging to it is 7707107 = e, Which 
divided by 10 gives 0*707107 = * 4 


ExAMPLE Fr 

What is the Square Root of Ar 3 
Here n muſt be taken = 100, 33 becauſe 399 is leſs 
than 1) and then c = 33572. | 
Log. of 30000 is - '= 4*4771213 
Log. of 44 - = 26541765 


Log. of c (= 3$55=) = 1 . 12229448 
Log. Vc = 815801 is o 91147243 and 


a/c 
then wo I = o'o8115591 = = Vi 


EXAMPLE. 6. 


What is the Cube Root of 90 ? 
| The J. og. of 980 is = 2'9912261 I$ 
2 of it is = 09970754 3 and the 
| Wands which anſwers. to it is 9 93288, waich is the 
Root required. | 


EN 

wo 

i f N Lo 
* 4 4 \ 

FE 


vas | = 

What i is ahe Cube Root of 2 Ti | > 
21 This is a Caſe ſimilar to that of the Square Root of 
Wb ; and the Inconvenience of negative Loganthery” may 


be obviated by 711 Conſiderations. 
07. 


19 1 5 . 
* V7 = =» 10 % . nt — my 7 
10% | 0%, ; bo 
and univerſally, 5 % * =, and boy putting. 


| 7 ; 

3 —.— S we bare 7 = Le, where x is to bal 

nich 
than 1. 

_To anſwer the laſt Queſtion we need take 1 only 
= T0; and then c will be = 3333, and we * 2155 


| vi = 3356 By Logarithms thus: 


s leſs : 
| Ts of 100018 =45 = 11:5 
Log. of 3 ts =0" 4771213 


1 e is S8) 5228787 


1 8. 
What is the Biquadrate Root of 17 ? + 
The Log. of 17 is = 12304489 
+ of it is - _ = 03076122 ; and the 
Number belonging to it is 203054, which is the Root 


required. 
Theſe Examples may be ſufficient to ſhow the Uſe 


great Facility of that Method. 
he Biquadrate, and higher Roots of Fractions are 
0 be obtained by a Method 9 to that which was 


uſed 


Fd 
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taken 10, 100, 1000, &c. ſo that c may be greater : 


of it is — e 3 and the Naw 


of ar Facility, in the Extraction of Roots, and the A 


hn 


” * 4 2 — +6 ' 8 2 Yr, * 1 . p 
* 4 5 * 3 * * 4 te SS ded Ns — Rn F a a 
: - þ : 008, 5 8 F * ain ö ** * 
5 * 7 1 a» 7 4 VA N . * * 9 5 W * = 
4 5 2 fare + ASE 

. .; 5 7 »s 

: ; p : . - 
. 


, 
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uſed for their Square and Cube Roots, And as the 
Algebraiſt cannot but be equal to theſe Things after 
ſeeing ſo many ſimilar, Operations, I ſhall now end 
this Treatiſe (extended much beyond its firſt Limits) 
with a few Remarks | FE 
It appears that the Ciphers added to the Numerator 
50 the Fraction, for the ſeveral Roots, muſt be as fol- 
OWSs : | 3 x | 
'-_ * . For the Square Root, by 2s. 
*  ., © For the Cube Root, by 3s. 
- For the 4th Root, by 4s. 
For the 5th Root, by 5s. 


And that, as many Periods of Ciphers as were added, 
ſo many Places of Figures muſt the decimal Point be 
removed towards the left Hand, in the Root of c. 
- There are yet ſome Advantages to be obtained by the 
Uſe of Logarithms in the Extraction of Roots, which 
will be ſhown in my Mathematical Eays. 4 
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